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In the following pages I have endeavoured to define the 
various technical terms used in watch and clock making, and 
have added such information as I possessed that seemed likely 
to be useful to young workmen and' students. 

For the French equivalents I am indebted to Mr. Mairet, 
and for the German to Mr. Immisch. 

The whole of the Fourth Edition of the "Watch and Clock- 
makers' Handbook," as well as much new matter, appears here 
under headings arranged alphabetically, except the I^engths 
of Pendulums, and other tables required for constant reference, 
which now form an Appendix. 

I have to acknowledge the kindness of the Council of the 
Horological Institute, who generously placed the blocks in the 
*' Horological Journal " at my disposal, and of many other 
friends who have given me valuable assistance. 

F. J. B. 

. 35, Northampton Square, London, 
' February, 1884. 
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NOTE TO THE NINTH EDITION. 

Since the publication of the Eighth Edition several corres- 
pondents have suggested that fuller patt\cvi\ai^ oi ^xssAxii^YkX 



members of the craft would be of interest. But I found it 
would be inconvenient to incorporate such biographical 
sketches, together with descriptions of early timekeepers in a 
book intended primarily for workshop use, and so I was led 
to issue a separate volume, entitled " Former Clock and Watch 
Makers and their Work," to which I refer those who take 
special interest in the history of horological instruments. I 
have received so many appreciatory letters, that I venture to 
ask those who think well of mj'' books to favour me by recom- 
mending them as opportunity occurs. 

Auf^ust, J 896. 
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Note. — French and German equivalents, printed in italics, refer to the first 
definition in cases where the title has more than one meaning. 



Acceleration. — \_A ccelera Hon . — Die Gangbeschleunigung, ] — 
Gaining on its rate. It is noticed that new chronometers and 
watches, instead of steadily gaining or losing a certain number 
of seconds each day, go faster day after day. There is no 
certainty as to the amount or ratio of this acceleration, nor as to 
the period which must elapse before the rate becomes steady, 
but an increase of a second a month for a twelvemonth may be 
taken as the average extent in marine chronometers. 

It is pretty generally agreed among chronometer-makers that 
the cause of acceleration is seated in the balance-spring, though 
some assert that centrifugal action slightly enlarges the balance 
if the arc of vibration is large, as it would be when the oil is fresh, 
and that as the vibration falls off, centrifugal action is lessened 
and acceleration ensues fnom the smallerdiameterof the balance. 
Though thin balances do undoubtedly increase slightly in size 
in the long vibrations from centrifugal action, this theory is dis- 
posed of by the fact that old chronometers do not accelerate 
after re-oiling. Others aver that the unnatural connection of 
the metals composing the compensation balance is responsible 
for the mischief, and that after being subjected to heat the balance 
hardly returns to its original position again. If true, this may be 
a reason for exposing new chronometers before they are rated 
to a somewhat higher temperature than they ai^VikfcV^ \.o xsx^^X 



with in use, as is the practice of some majkers ; but then chro- 
nometers accelerate on their rates wheti they are kept in a 
constant temperature, and also if a new spring is put to an old 
balance, or even if a plain uncut balance is used. 

It is noticed that when the overcoil of a balance spring has 
been much bent or ** manipulated ** in timing, the acceleration 
is almost sure to be excessive. This is just what might be ex- 
pected, for a spring unduly bent so as to be weakened but not 
absolutely crippled, recovers in time some of its lost elasticity. 
But however carefully a spring is bent the acceleration is not en- 
tirely got rid of, even though the spring is heated to redness and 
again liardened after its form is complete. There is little doubt 
that the tendency of springs is to increase slightly in strength 
for some time after they are subjected to continuous action, just as 
bells are found to alter a little in tone after use. As a proof 
that the acceleration is due to the bending of the overcoil, Mr. 
Hammersley asserts that, if the spring of an old chronometer 
is distorted and then restored to its original form, the chrono- 
meter will accelerate as though it were new. Helical springs of 
small diameter have been advocated by some as a means of 
lessening acceleration, on the ground that the curves are less 
lial)le to distortion in action than when the springs are larger. 
Sj)rings elongate in hardening, and it has been suggested that 
tlicy afterwards gradually shorten to their original length and 
.so cause acceleration, but there does not seem to be much 
warrant for this assumption. Unhardened springs do not 
accelerate, but then they rapidly lose their strength, and are 
therefore not used. Flat springs do not accelerate so much as 
springs with overcoils. Palladium springs accelerate very much 
less than hardened steel springs. 

Addendum. — [A rrondi, — Die A brufidung. ] — The amount 
added to the tooth of a wheel or pinion beyond the pitch circle. 
(See Wheels and Pinions.) 

Adjusting for Temperature.— f-^^^^^^? <\^x temperatures, 
— Die Compensationsberichtigu7i(r?^ — The operation of arranging 
theweightsor screws of a compensation balance so that its vibra- 
tions will be performed as nearly as possible in the same time 
throughout a certain range or temperature. (See Compensation 
Balance.) 

Adjusting Rod. — {^I.evicr a fusee. — Die Abgleichstange,~\ — 
A lever having at one extremity a hollow square with set screw 
for attaching it to a watch or clock fusee or barrel, and furnished 
with sliding weights for balancing the pull of the mainspring. 
Mr. Charles Frodsham balanced the weight of the rod itself by 
means of a small ball, and marked a scale on the stalk, so that 
thepuU of different springs could be registered in dwts. and ozs. 



For the appended sketch of his adjusting rod I am indebted to 
Mr. H. M. Frodsham. 

In cutting a fusee, the upper or small end should be left rather 
too large than too small. The pull of the lower and upper turns 
may then be equalised by setting up the mainspring, which 
strengthens the lower turns. But if with a fusee the lower turns 
are already too strong compared with the upper, it is indicative of 
a mainspringtoo weakor afusee too small at the top, and the only 
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choice of remedies is to change the spring or recut the fusee, un- 
less the spring is hooked on to a pin in the barrel, or has some 
other kind of yielding attachment, in which case the upper turns 
may be slightly strengthened by substituting a hook in the spring 
to form a more rigid attachment. (See Mainspring.) A more 
elastic mainspring is a good and easy remedy in most cases, 
especially where the old spring is too small in diameter when 
out of the barrel and opened to its greatest extent. If the 
spring is already sufficiently strong, and no adjustment can be 
obtained, a stronger one should hardly be resorted to. Fusees, 
in many instances, do not procure a perfect adjustment of the 
spring. A clinging of the coils often causes an apparent fault 
in the adjustment by the fusee. With the weight at the proper 
position on the rod, the power may be equal upon winding up 
the first, second, third, and fourth turns, but the spring may 
not let down with equal power. The fourth turn unwinding 
maj'' show less power than when wound, the turns increasing in 
power as the spring is let down. Springs that are of too small 
diameter wlien out of the barrel, are incapable of being adjusted. 
For a fusee watch the mainspring should be about four times 
the diameter of the barrel when out of it. 

Alarum. — \Reveil. — Der Wecker.'] — Mechanism attached to 
a clock by which at any desired time a hammer strikes rapidly on 
a bell for several seconds. Generally, a separate weight or spring 
actuates an escape wheel, to the pallet staffof which a hammer is 
fixed to act on the inside edge of a hemispherical bell. The 
alarum is usually let off by a wire attached to the hour wheel 
lifting a detent that stops the escape wheel. (See also "• Striking 
Work.") In the ''Speed weir' alarum thesame mainspring serves 
for the going train and the alarum as well. The great wheels of 
the going and alarum trains are mounted on the winding arbor, 
one on each side of the mainspring. The wheels are loose, and 
driven by ratchets and clicks to allow of the arbor being reversed 
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to wind the spring, the outer endof which is attached to the great 
wheel of the going train. When the alarum is let off, the force of 
the spring will cause the winding arbor to turn and carry with it 
the great wheel of the alarum train. But the problem is to lock 
the spring again when the alarum has run its course. On the 
winding arbor is a pinion with coarse teeth taking into a seg- 
ment having a strong butt which forms the alarum stop. In 
winding, the first turn of the arbor winds the alarum stop, if it is 
down, and a missing tooth in the segment allows the winding 
of the going train to proceed in the usual way. This will be 
made clear by an inspection of figs, i and 2, where the wheels 

and segment are shown as they 
appear before and after wind- 
ing. There is a light spring 
which presses against a pin in 
the segment when it is wound, 
thus keeping the butt away 
from the pinion, and ensuring 
the engagement of the pinion 
and segment teeth when the 
Fig. I. Fig. 2. alarum is let off. The arrows 

in fig. I indicate the course of the wheels in winding, and the 
arrow in fig. 2 the direction in which the segment will move 
when the alarum is in action. 

All or Nothing Piece. — [ Tout-ou-fien, — Der Abstellhabeir\ 
— ^The part of a repeating watch that keeps the quarter rack off 
the snail until the slide in the band of the case is pushed round. 
While the quarter rack is locked, the lifting piece of the hour 
hammer is kept free of the twelve-toothed racket, so that the 
hours cannot be struck till the quarter rack has fallen. The watch 
must therefore strike all or nothing. Invented by Julien Le Roy. 
Many Swiss watchmakers call this piece, as it is arrangedin mod- 
ern repeaters, the ** ressort de crochetment *' or hooking spring. 

Anchor Escapement. — {Echappement a ancre. — Die Anker- 
hemmung,'] — The Recoil Escapement used inmost house clocks. 

(2) There is also a variety of the Lever Escapement with a 
very wide impulse pin, which is sometimes called an Anchor 
Escapement. 

The Recoil Escapement, Fig. i (invented by Dr. Hooke about 
1675), is the one most generally applied to the ordinary run of 
dialsand houseclocks. Whenwell made it gives very fair results, 
but the pallets are often very improperly formed, although none 
of the escapements are easier to set out correctly. 

There are still people who believe the Recoil to be a better es- 
'ment than the Dead Beat — mainly because the former 




requires a greater variation of the driving power to affect the 
extent of the vibration of the pendulum than the latter does. 
But the matter is beyond argument ; the Recoil can be cheaply- 
made, and is a useful escapement, but is unquestionably in- 
ferior to the Dead Beat for time-keeping. 

There is no rest or locking for the pallets, but directly the 
pendulum in its vibration allows a tooth, after giving impulse. 
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to escape from the impulse face of one pallet, the course of 
the wheel is checked by the impulse face of the other pallet re- 
ceiving a tooth. The effect of this may be seen on looking at the 
drawing (Fig. i), where the pendulum, travelling to the right, 



Anchor Escapkmknt for Long Case Ci/jcks. 




Fig. 2. 



has allowed a tooth to fall on the left-hand pallet. The pendulum, 
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however, still continues its swing to the right, andin consequence 
the pallet pushes the wheel back, thus causing the recoil which 
gives the name to the escapement. It is only after the pendulum 
comes to rest and begins its excursion the other way that it gets 
any assistance from the wheel, and the difference between 
the forward motion of the wheel and its recoil forms the 
impulse. 

To set out the Escapement. — Draw a circle representing the 
escape wheel, which we assume to have thirty teeth, of which 
the anchor embraces eight. Mark off the position of four teeth 
on each side of the centre one, and draw radial lines which will 
represent the backs of the teeth. 

Note. — Space between one tooth and the next = ^^^ = 12 ; 
and 8 spaces = 96°. Then V = 48° to be set off on each side 
of the centre. 

The distance of the pallet staff centre from the centre of escape 
wheel = radius of wheel x 1*4. From the pallet staff centre 
describe a circle whose radius = seven-tenths of the radius of 
escape wheel, that is, half the distance between the escape wheel 
and pallet staff centres. Tangents to this circle just touching the 
tips of the teeth already marked, as shown by dotted lines in the 
drawing would then form the faces of the pallets if the}^ were 
left flat. When a tooth has dropped off the right-hand pallet, 
which is the position of the escapement in the drawing, the 
amount of impulse is shown by the intersection of the other 
pallet in the wheel. The impulse, measured from the pallet 
staff centre, is usually from 3° to 4°. 

The pallet faces are generally curved full in the middle, as 
shown in Fig. t. The object of curving the pallets is to lessen 
the "pitting" which the wheel teeth make on the pallets. There 
will, however, be very little ** pitting" if the wheels are made 
small and light, and there is not excessive drop to the escape- 
ment. 

The advantage of making the backs of the escape wheel teeth 
radial and the foresides curved, as shown in Fig. i, is that if the 
pendulum gets excessive vibration the pallets butt against the 
roots of the teeth and the points are uninjured. 

There is another form of the Recoil Escapement often used in 
long-cased clocks, in which the anchor embraces ten teeth of the 
escape wheel, and the foresides of the teeth are radial. It is 
shown in Fig. 2. In other respects the construction is sub- 
stantially the same as the one just described. 

Annealing. — \^Reciiire. — Erweichung durch Hitzer\ — Soften- 
ing. Steel is annealed by heating it to redness and allowing it to 
cool gradually. Gold, silver, brass, and copper, are annealed 
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by heating to redness and plunging in cold water. 

Arbor. — [Ardre. — Die Welle.'] — Axis. Watchmakers' Arbors 
Fig. I. on which work is mounted for turning 

have usually either a ferrule or since the 
more general adoption of hand and foot 
wheels, a carrier pin for communicating a 
rotar>' motion. Cork Arbors such as are 
shown in Fig. i are useful for holding 
watch glasses that require to be reduced in 
size. The glass to be reduced is placed 
between the two corks, and the arbor may 
then be rotated in the turns. A broken 
watch glass wetted is generally used for 
grinding down the glass between the corks. 
Fig. 2. Fig. 2 is very similar to Fig. i, but is more 

adapted for holding watch dials. (See also ** Eccentric Arbor " 

and ** Screw Arbor.") 

Arnold, John (born in Cornwall, in 1736; died at Well Hall, 
near Eltham, Kent, in 1799). He invented the helical form of 
balance spring (Patent No. 11 13, Dec, 1775), and devised a 
chronometer escapement (Patent No. 1328, May, 1782) very 
closely resembling the 
one by Earnshaw, 
which is now in use. 
In Arnold's Escape- 
ment the escape wheel 
teeth, instead of being 
flat where they gave 
impulse, were epicy- 
cloidal curves ; but 
they required oiling, 
and were consequently abandoned. While Earnshaw*s wheel 
is locked on the points of the teeth and the detent moves away 
from the centre of the wheel to unlock, Arnold's locked on the 
heel of the tooth and the detent moved towards the centre of 
the wheel to unlock, the sunk part of the body of the wheel 
allowing the locking stone to pass. His business at 84, Strand, 
was, after his death, carried on by his son, John R. Arnold. 

Assaying. — [^Essai. — Die Pncfu7ig.'] — The following is the 
usual process of gold assay. A portion of the metal to be assay- 
ed is very carefully weighed, and with a proportion of silver and 
lead is placed in a cupel, that is, a small bowl made from com- 
pressed bone ash, and subjected to heat in a muffle furnace. 
The baser metals oxidise and pass into the poresof the cupel, 
leaving a button of gold and silver. This button is rolled into a 
thin ribbon, which is heated to redness to anneal it, and then 




coiled upand boiled in nitric acid to extract the silver. The pure 
gold remaining is then washed, again annealed, and carefully 
weighed ; the difference between it and the original weight re- 
presents the amount of alloy.. The weighing, and indeed the 
whole operation, requires to be conducted with exceeding ex- 
actness. The amount of silver and lead added before cupelling 
varies, according to the judgment of the assayer after examin- 
ation of the metal to be tested : twice or three times as much 
silver, and iive or six times as much lead as there is gold being 
an average proportion. 

Silver. — The silver to be assayed is wrapped in lead and 
cupelled in the same way as in the gold assay just described, 
the second operation of boiling in nitric acid being omitted. 

For assaying very small quantities of gold and silver a blow- 
pipe may be used in place of the muifle furnace, and in 
experienced hands a very close approximation maybe obtained 
(See also Touchstone.) 

Astronomical Clock. — \_fforloge astronomiquc. — Die Astro- 




nomische Petidelukr.'] — (i) A clock showing the comparative 
motion of the heavenly bodies. 



(a) A clock with the hour circle divided into 24. 

Ferguson's Astronomical clock is shown in Figs, i and 2. 
Fig 1 is the dial, which is made up of four pieces, (i) The 
outer ring divided into the 24 hours of a day and night, and 
each hour sub-divided into 12, so that each sub-division repre- 
sents 5 mins. of time. (2) The age-of-the-moon ring, lyingin 
the same plane as the hour ring, is divided into sg's equal 
parts, and carries a Jiaii-dc-lis to point out the time on the 
hour circle. A wire (a) continued from Xhejleiir-dc-lis supports 
the sun (s). (3) Within, and a little below, is a plate, on the 
outer edge of which are the months and days of the year ; 
further in is a circle containing the signs and degrees of the 
ecliptic. Further in, on the same plate, the ecliptic, equi- 
noctial, and tropics are laid down, as well as all the stars of 
the first, second, and third magnitude, according to their right 
ascension and declination, those of the fir.st magnitude being 
distinguished by eight points, the .second by 6. and the third 
by 5- (4) Over the middle of this plate, and a little above it, 
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is a fixed plate (e) to represent the earth, around which the 
sun moves in 24 h. 50*5 m., and the stars in 23 h. 56 m. 4*1 s. 
The ellipse (h), which is drawn with a diamond on the glass 
that covers the dial, represents the horizon of the place the 
clock is to serve, and across this horizon is a straight line even 
with the XII's to represent the meridian. All the stars seen 
within the ellipse are above the horizon at that time. 

Fig. 2 shows the astronomical train, which is between the 
front plate of the clock and the dial. The earth (e) is station- 
ary, and is supported by a stalk fixed to the front plate. The 
hollow axis of the frame that turns once in 24 hours, work on 
this stalk.* Fixed to the stationary stalk is a pinion of 8 (a), 
which gears with a wheel of 35 (b) and with a wheel of 50 (c). 
On the top of the axis of b is a pinion of 8 (e), which turns a 
wheel of 54 (f), running on the pipe of the 24-hour fra'me^ 
and carrying the moon round by the wire B in Fig i. This 
wire has a support fitted to the arbor of F. On the top of the 
pipe of the 24-hour frame is a wheel of - io, gearing with a 
wheel of 20, having two sets of teeth, one on the edge and the 
other on the face. It is pivoted to the moon wire support, and 
the face teeth gear with another wheel of 2o4hat carries , the 
moon wire. On the axis of c is a pinion of i4X*G) that turns 
a wheel of 69 (h), on whose axis is a pinion of 7 (i) turning, a 
wheel of 83 (k). This wheel is pinned to the sidereal plate of 
the: dial. The age- of-the-moon ring is attached by pillars to 
the 24-hour frame, and turns with it. The moon is represent- 
ed by a round ball, half black and half white, 

• No provision appears to be made for driving this frame in the drawing, for which I am in- 
debted to the exrelh'nt Kiography of Ferguson by Dr. Henderson. Thi- simplest pl^n would 
be to have teeth round the edge of it gearing with a pinion driven from the train of the clock. 

Auxiliary. — [ Compensation auxiliaire. — Die Hulfscompaisa- 
tio7iC\ — A device attached to a compensation balance for the 
purpose of reducing what is called the " middle ^-—-^.^ 
temperature error." Molyneux*s and Poole's "^^^^ 
may be taken to represent the two principles on 
which most auxiliaries are constructed. Moly- 
neux's(Fig. i)is attached bya spring toeachend 
of the central arm , and is acted on by the free ends /^^N 
of the rim in high temperatures only. A screw 
in the end of the rim and another in the auxili- 
iary serve to adjust the action as may be required. Molyneux's 

patent also covered the use of a short 
laminated arm instead of the spring by 
which the auxiliary is attached to the 
central arm, and many successful auxili- 
aries are now made in that way. (See 
Mercer's Balance.) Poole's CFi^» 2"^ 
Fig. 2. consists of a piece 'o£ bt^.?>s ^\.\.^Ocw^^ \a 




Fig. I. 
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the fixed ends of the rim, and carrying a regulating screw, the 
point of which checks the outward movement of the rim in 
low temperatures. 

Balance. — {Bala^ider, — Die Unruhe ] — ^The vibrating wheel 
of a watch or chronometer which, in conjunction with the 
balance spring, regulates the progress of the hands. The time 
in which a balance will vibrate cannot be predicated from its 
dimensions alone. A pendulum of a given length always vi- 
brates in the same time as long as it is kept at the same distance 
from the centre of the earth, because gravity, the force that 
impels it, is always the same ; but the want of constancy in the 
force of the balance spring, that in watches and chronometers 

takes the place of gravity and governs 
the vibrations of the balance, is one of the 
chief difficulties of the timer. There is 
another point of difference between the 
pendulum and the balance. The time of 
vibration of the former is unaffected by its 
mass, because every increment of mass 
carries with it a proportional addition to 
the influence of gravity : but by adding 
to the mass of a balance, the strength of 
the balance spring is not increased at all, and therefore the vi- 
brations of the balance become slower. .' 
There are three factors upon which the time of the vibratioif 
of the balance depends : — 

(i) The weight, or rather the mass of the balance.* 

(2) The distance of its centre of gyration from the centre of 
motion, or, to speak roughly, the diameter of the balance. 
From these two factors the moment of inertia may be deduced. f 

(3) The strength of the balance spring, or, more strictly, its 
power to resist change of form. 

I append the usual formula for ascertaining the time of 
vibration of a balance, though it is difficult of application in 
actual practice : — 
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A being the moment of inertia of the balance, J/ the moment 
of elasticity of the spring, L the. length of the spring, and w 
3*14159. (See moment of Elasticity). 

* The mass of a body is the amount of matter contained in that body, and is the same irre- 
spective of the distance of the body from the centre of the earth. But its weight, which is 
mass multiplied by gravity, varies in different latitudes. 

+ The centre of gyration is that point in a rotating body in which the whole of its energy 
may be concentrated. A circle drawn at seven-tenths of its radius on a circular rotating plate 
of uniform thickness would represent its centre of gyration. The moment of mertia or the 
controlling power of balances vanes as their mass and as the square of the distance of their 
centre of gyration from their centre of motion. Although not strictly accurate, it is practically 
-'^ near enough in the comparison of plain balances to take their weight and the square of 
diameter measured to the middle of the rim. 
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Sizes of Plain Balances generally used for full-pkte 
watches : — 
N^o. of watch niovanait — ^4 6 8 10 12 14 16 18 

Size of balance i?i ifickes — '58 '61 '64 -68 71 74 77 '8 

Sizes of plain balances generally used for J-plate watches : — 
IVo. of luatch nioveitieiit — 2 4 6 8 10 12 14 16 18 

Size of balance m mckes — '47 '54 '53 '56 '59 '62 '66 -69 72 

The rough rule for a full-plate watch is that the diameter of the 
balance should be half that of the top plate ; for a three-quarter 
plate watch that the balance should be the size of the inside of the 
barrel if a 16,200 train, and a trifle smaller if for an 18,000 train. 

Though the diameter of a balance for a given movement is not 
absolute, it cannot be varied indelinitely even if the moment of 
inertia is kept the same. With a ver>- large, light balance there is 
but little friction at the pivots, and the variation between hanging 
and lying is small. On the other hand, an unduly small and 
heavy balance, though it is less affected by external influence, 
has excessive friction at the pivots, and correspondingly large 
variations between hanging and lying, besides which a fall or 
jerk is ver>' likely to damage the balance pivots. 

Gold balances are preferable to steel. Steel has the advantage 
of being less affected by alterations of temperature, but, on the 
other hand, gold is denser than steel, and is not liable to rust 
nor to be magnetized. See also Compensation Balance.; 




to the lever and other detached escapement-j. 

Balance (Tock. — ^Co-j cU baUiruicr. — Der L'nruhkloben.'^ — 
The standard that :n watcher earner the top pivot of the 
balance staff. In some of the olc i£r:gli-rh f::!! -plate watches 
the top of the balance cock carrj-ing a large diaicond end stone 
is spread out to cover the balance, ard often pierced and en- 
graved in a most artistic manner. 
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tiiiguished French iiiatheniatician, has laid down certain rules for 
the form of curve best suited for overcoils, and springs niideiu 
accordance with these rules are sometimes spoken of as Phillips' 
springs, but among English watchmakers overcoil springs are 
generally called "Breguet," whateverthefonu of cur\'e employed. 
For marine chronometers helical springs, in which both e '" 
curve inwards, are universally used. Either helical o 
springs are as a rule applied to pocket chrono- 
meters, although a form of spring called 
"duo in uiio," invented, I believe, by Mr. 
Hanimersley, is sometimes preferred. The | 
bottom of this spring is in the form of a volute, 
from the outer coil of which the spring is con- 
tinued in the form of a helix ; the upper end is 
curved in towards the centre as in the ordinary 
helical spring. Fig. i. 

A very generally accepted rule is that the diameter of a 
balance spring for a watch shonld be half the diameter of the 
balance (rather under than over). 

The dimensions of the spring, its form at the attachments, 
the position of the attachments with relation to each other, are 
all factors affecting its controlling power. 

The length is important, especially in flat springs without 
overcoils. By varying the thickness of the wire two flat springs 
may be produced, each of half the diameter of the balance, but 
of very unequal lengths, either of which would yield the same 
number of vibrations as long as the extent of the vibration re- 
mained constant; yet if the spring is of an improper length, 
although it may bring the watch to time in one position, it will 
fail to keep the long and short vibrations isochronous. Then, 
again, a good length of spring for a watch with a horizontal 
escapement vibrating barely a full turn would clearly be in- 
sufficient for a lever vibrating a turn and a half. 

The great advantage of an overcoil spring is that it distends 
in action on each side of the centre, and the balance pivots are 
thereby relieved of the side pressure given with the ordinary 
flat spring. The Breguet spring, in common with the helical 
and all other forms in which the outer coil returns towards the 
centre, offers opportunites of obtaining isochronism by slight- 
ly varying the character of the cur\'e described by the outer 
coil and thereby altering its power of resistance. 
The position of the points of attachment of the inner and 
n"»mu"ip'-'irns of a balance spring in relation to each other has an 
lay be conc"n[3he loug and short vibrations quite apart from its length. 
«niroiiUr ""i^e?" V ^ ^^'^. different performance may be obtained with 
^traoV^S froiOf precisely the same length and character in other 
&dS'meteTmasiir "9"^^^^ J" *^o that ouB has exactly complete turns, 
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and the other a Httle under or a little over complete turns. This 
property, which is more marked in short than in long springs, is 
depended upon by many for obtaining isochronism. A short 
spring as a rule requires to be pinned in short of complete 
turns, and a long one beyond the complete turns. In duplex 
and other watches with frictional escapements, small arcs of 
vibration and short springs, it will be found that the spring re- 
quires to be pinned in nearly half a turn short of complete 
turns. Marine chronometer springs are found to isochronize 
better and act truer when pinned in at about a quarter of a turn 
short of complete turns. 

The eye of the spring is occasionally operated upon in order 
to obtain isochronism, and is left more open for that purpose. It 

is found that alterations of the eye are most 
effective when the ends are attached about 
one-eighth short of half a turn or one-eighth 
short of a whole turn. Great experience, 
which 13 only acquired after many failures, 
is required to efifect the desired purpose, as 
in setting the spring true again after the 
alteration the eftect is easily destroyed. The 
full lines in Fig. 2 represent the attachments 
of a Breguet spring after an alteration from 
the dotted lines. If nearly full turns, as in 
a b, that alteration would make the short 
arcs faster than they were before ; but if 
nearly half turns as in a c, the same alter- 
ation would make the short arc slower 
Fig- 2. than before. 

There is no doubt that the less a spring is "manipulated" the 
better. Mr. Glasgow contends that the whole question of 
isochronism resolves itself into the adoption of a spring of the 
correct length, and recommends fora leverwatch fourteen turns 
if a flat, and twenty turns if a Breguet spring is used. He 
argues that if a spring is too short, the short vibrations will be 
fast and the long vibrations slow, and that all bending and mani- 
pulation of the spring with a view to obtain isochronism are 
really only attempts to alter the effective length of the vSpring. 
Many who have been in the habit of obtaining isochronism 
with a lesser number of turns demur to the lengths given on the 
ground that alterations in the form and position of the attach- 
ments are more effective in short springs. This is tnie; but then 
it is asserted that vShort springs are more likely to become dis- 
torted in use, and it may be taken as a very good rule that a 
balance spring should be half the diameter of the balance, and 
have twelve turns if it is a flat spring or eighteen turns if a 
Breguet for a lever watch of ordinary size. ¥qi ?>iki^N\.' 
/ 

/ 
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watches a turn or two less will suffice. These lengths, it will be 
understood, onl}' apply where the work is good; with coarse 
work a shorter spring is required in order to get the short arcs 
fast enough. Springs for cylinder watches should have from 
eight to twelve turns. 

Watch springs of thick and narrow wire are apt to cockle with 
large vibrations, while springs of wide and thin wire keep their 
shape and are more rigid. It is of even greater importance 
that the springs of marine chronometers subjected to the 
tremor of steamships should be of wide and thin wire. 

Helical springs for ordinar}^ two-day marine chronometers 
are made from '4 to -54 of an inch in diameter, and about a 
quarter of a turn short of either eleven, twelve, or thirteen turns. 
The smaller diameter of spring is advocated on the ground that 
the acceleration or gaining on their rates noticed in new chro- 
nometers may be lessened with a short overcoil. If the overcoil 
in a watch or chronometer is subjected to any considerable 
amount of bending, the piece is sure to gain on its rate. Some 
manufacturers expose new chronometers to a high temperature 
in the oven for a time, so as to get them to settle down quickly 
to a steady rate. Other eminent makers declare there is no 
benefit in doing so. Mr. T. Hewitt tells me that after a chro- 
nometer has been brought to time he has removed the balance 
spring, collet and stud, and subjected them all together to 
sufficient heat to lower the colour of the spring without 
materially altering its form or at all affecting the acceleration 
of the chronometer. Still there is no doubt it is desirable to sub- 
mit all overcoil springs, whether for watches or chronometers to 
a bluing heat after the curves are formed, for the purpose of 
*' setting" the curves. Timers of experience say the time- 
keeping is much more steady and regular when the springs 
have been so treated. 

It is remarkable that while in watches the difficulty is gener- 
ally to get the short arcs sufficiently fast, precisely the reverse is 
the case with the marine chronometer, in which the trouble is 
usually to get the short arcs slow enough. The escapement is 
not entirely responsible for the difference, because pocket chro- 
nometers follow the same rule as watches with lever escapements. 
The size of the pivots in proportion to the size of the balance is 
partially the cause, for in very small watches, where of course 
the pivots are relatively large, the slowness of the hanging po- 
sition is proverbial, and a shorter spring by a turn or two has 
often to be substituted. Ver>" quick trains should be avoided on 
this account. Watches have occasionally been made with 19,800 
vibrations, carrying of course corresponding light balances, and 
the ereat trouble has always been to get them mst enough in the 
^cs. A balance staff pivot slightly too large for the hole 
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is occasionally the cause of undue slowness in the hanging 
position of a watch ; a very small reduction in the diameter 
will in such cases reduce friction and quicken the short 
arcs. 

The relative slowness of the long arcs in marine chronometers 
is much greater if the rim of the balance is narrow and thin, and 
the weights large, than if a wider and stouter rim with propor- 
tionately smaller weights is used ; for in the former case the 
greater enlargement of the rim in the long arcs from centrifugal 
tendency will be more marked. Mr. Kullberg, by substituting a 
chronometer balance of ordinary proportions for an uncut one, 
has demonstrated that the effect of centrifugal tendency 
by increasing the arc of vibration from three-quarters of a 
turn to a turn and a quarter amounts to twelve or fourteen 
seconds in twenty-four hours. Mr. Dennison some years ago 
advocated a method of making the long arcs slower in watches 
having compensation balances, by drilling a small hole in each 
half of the balance rim, close to the arm, and broaching these 
holes out as much as should be found necessary to produce 
isochronisra. The larger the holes, the more the balance would 
expand from centrifugal tendency, which, of course, would have 
more effect in the long than in the short arcs. 

Mr. Robert Gardner insists that the relative proportional in- 
ertia of the fourth wheels in marine chronometers and watches 
accounts for the difference observed in the long and short arcs, 
and there is no doubt that watches with small fourth and escape 
wheels are comparatively easy to time. J. F. Cole suggested a 
stronger mainspring to quicken the short arcs in going-barrel 
watches. 

With single beat escapements, such as the chronometer and 
duplex, the short arcs are quickened if the drop of the escape 
wheel tooth on the pallet is decreased ; if the drop is increased 
the long arcs are quickened. The theory of this appears to be 
that with more drop in the long arcs (when the balance is travell- 
ing faster), the pallet gets further away before being overtaken 
by the wheel than it does in the short ones, and therefore the 
amount of impulse given before the line of centres is proportion- 
ately less ; and Mr. Robert Gardner asserts that the same effect 
may be produced by putting the piece out of beat, e.g. if it were 
desired to quicken the short arcs, the balance spring collet would 
be shifted so as tobring the pallet more away from the unlocking 
when the balance spring was quiescent ; but it must not be for- 
gotten that if the piece is out of beat it is more likely to set. 

Fig. 3 is a careful reproduction of the curves of a marine 
chronometer spring, a is the lower coil. The two short lines 
crossing the spring denote the face of the collet and the face of 
the stud respectively, and the dotted lines the direction of the 
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ends of the spring which form nearly a right angle. Occasdon- 
ally, if the short arcs are fast, the upper turn is slightly Wt 
just as it enters the stud so as to throw the end outward. The 
pin is then placed on the inside. 

Fig. 4 is the lower coil, and Fig. 5 the upper coil of a pocket 




Fig. 3. Fig- 4. Fig. 5. 

chronometer spring. It will be observed that the sweep is longer 
than in the marine chronometer, and that the lower curve is 
carried rather farther back into the spring than the upper. The 
spring makes just complete turns, but the upper turn just as it 
enters the stud has a slight sharp bend throzving the end inwards. 
This little bend is of the utmost importance, for it has the effect 
of quickening the short arcs. Pocket chronometer springs are 
made half the diameter of the balance, and from seven to ten turns. 

Fig. 5 will also serve very well to represent the overcoil of a 
Breguet spring, although the overcoil is sometimes carried much 
farther into the spring. In some springs it is not unusual to see 
the overcoil more than a complete turn in extent. Breguet 
springs are now often used for pocket chronometers, instead of 
the helical form. Just as good a result can be got with the 
Breguet as with the helical, and the latter takes up height, and in 
consequence is often made too short. There is, though, one 
advantage in using helical springs for pocket chronometers. The 
escapement may be banked through the spring, and this is done 
more readily in the helical form. Mr. Kullberg's method is to 
place two nearly upright pins on the balance arm, so close to the 
spring as to prevent it expanding more than is required for a 
sufficient vibration. These pins should be slightly inclined to 
the centre so as to touch the top of the spring first, and thereby 
stop the balance more graduall3\ 

Two pairs of pliers with curved noses lined with brass are 
generally used for forming the overcoil of marine chronometer 
springs. The coil of the spring where the overcoil is to start is 
grasped by one pair curved exactly to correspond with the spripg, 
and the other pair used to bend the overcoil. The operation looks 
easy enough, but it really requires great skill to get at once an 
overcoil of the desired shape. The overcoils of watch springs are 
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turned with curved nosed steel tweezers like Fig. 6. These 

Fig. 6. 
curves should be well polished. In forming the Phillips' curves, 
some watchmakers use hot pliers of the requisite shape to set the 
curved to the required form. 

Fig. 7 is a useful little tool of brass, by Mr. T. D. Wright, for 
holding a spring while turning the overcoil, the 
jaws of which are curved to the outer coil of a 
spring of ordinary size ; a is a screw, and b a 
steady pin for attaching it to an old watch plate 
or other table. (See also Overcoil.) 

It should be remembered that if the vibrations 
of a balance are to be isochronous the impulse 
must be delivered in the middle of its vibration, and that there- 
fore no spring will be satisfactory if the escapement is defective 
in this particular. 

Applying a Flat Spring. — The train decides the number 
of vi orations required. Divide the number of fourth wheel teeth 
by number of leaves in escape pinion ; multiply the quotient by 
30 (double the number of escape wheel teeth), the product will 
be the number of impulses the balance receives in a minute. If 
it is an 18,000 train the number will be 300, that is, 5 beats a 
second. A 16,200 train gives 270 a minute ; 4*5 a second. 

Having ascertained the train, rest the spring on the balance 
and press the collet on to the spring so as to confine the inner 
portion that will be broken away for the eye. Or in the ab- 
sence of the collet, put a bit of beeswax about the size of a 
small pin's head upon the end of the lower staff pivot. The 
diameter of the spring is decided by the position of the stud hole, 
though it should be rather small than large in diameter. For a 
spring too large in relation to the position of the index phis and 
stud is pretty well sure to be slow in the short arcs. Select a spring 
of suitable size, and lay it with its centre well in the centre of cock 
jewel, so that from the eye to the stud hole makes complete turns, 
and note where the coil would enter the stud hole. Take hold of 
it firmly with the tweezers about the distance of the curb pins 
short of that point. Placingthe inner turn under the wax on the 
pivot, you will raise the balance from the board by the inner turn 
of the spring catching the wax. The least motion of the hand 
which holds the tweezers will cause the balance to vibrate with 
an up and down motion, and the numberof vibrations in a second 
will be ascertained by listening to the beat of a regulator. If a 
watch glass is placed uuderthepivot,thecontactofthepivot with 
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the glass will make the vibrations distin ctly audible, and th^eyes 
of the operator will be at liberty to watch the regulator. If there 
are five vibrations a second (with the 18,000 train) there 'is no 
doubt the spring will do, if six it is too strong, and if four too 
weak. If there is any difficulty in counting the number of 
vibrations to a second, a watch making the same number of 
beats as it is desired the balance under trial should have, may 
be placed to the ear for comparison. 

It is impracticable to count accurately the vibrations in a 
second, and so, after picking up the balance give it half a turn, 
so that it will vibrate for over a minute, and then count every 
alternate vibration till a spring is obtained that gives about 150 
double vibrations if it is for an 18,000, and about 135 if for a 
16,200 train. When a spring of the right strength is found it 
may be pinned to the collet. 

The UvSual plan of pinning in is to put the collet on a broach 
held between the thumb and finger of the left hand while the pin 
is fitted and the spring pinned on, taking the precaution to push 
a piece of paper on the broach before the collet or the spring may 
touch the fingers, and in the case of a damp hand the spring 
would be likely to be spoilt by rusting. 

Another mode of pinning on is to place the collet on the board 
paper, and put the spring over the collet. With a short piece of 
boxwood sloped away at the end press the collet on the board, the 
pin can then be fitted with comfort, and without danger of shift- 
ing the collet. The pin should be flattened where it presses 
against the spring, and when fitted and made can be pressed in 
with a small joint pusher. The spring should start away from 
the collet hole with an easy curve, and must not hug the collet, 
or isochronism will be out of the question. 

Yet another way of proceeding to pin the spring to the collet is 
to get a plate of brass about an inch square, and tap a hole in the 
middle of it less in size than the hole in the collet. A screw 
passing through the hole in the collet fixes it to the plate. The 
advantage of this plan is that the service of the plate serves to 
show at once if the spring lies in the proper plane. Care must 
be taken with the underside of the head of the screw, so that 
it does not scratch the collet. 

The collet may now be put on an arbor, and the arbor rotated 
in the turns to ascertain if the spring is true. In setting the 
spring it must only be touched close to the eye. Steady time- 
keeping will be out of the question if the spring is bent to and 
fro in reckless attempts to get it true. The eye should be brought 
gradually round to get it in circle, taking care not to overdo it. 
When this is right and the spring is also true on the face, many 
good timers heat the spring and collet to a blue to set the eye. 
The outer coil may be pinned into the stud at equal turns. Some 



25 

make a practice of fitting the pin in the stud hole beforehand, 
breaking off a piece of the waste outer turn of the spring and 
passing it through the stud hole in order to get the shape of the 
pin. It will be prudent to first pin the spring in temporarily and 
notice if the eye is true with the cock jewel, or very slightly 
towards the stud. If it is not, and the stud cannot be shifted, the 
stud hole had better be broached in the required direction. 
On no account should a flat spring be bent close to the stud 
hole to bring the eye right with the cock jewel. 

The watch should be tried for, say three hours lying and three 
hours hanging. If it loses in the short vibrations the spring 
may be let out a little. But if the alteration has the opposite 
effect to that desired, as in some instances it may, proceed in 
the contrary direction. It is not probable that the watch will 
gain in the short arcs, but in that event, some recommend 
opening the curb pins very slightly. Though this is occasion- 
ally done, it is an objectionable practice, for with much play 
between the curb pins the springwill get worn when they touch, 
and the going of the watch will not be satisfactory. The watch 
may be brought to time with the index, dividing the remaining 
error between the long and short vibrations. 

Where there is no seconds hand, the usual plan is to make a 
mark on the fourth wheel ; but Mr. Bickley recommends placing 
the watch to the ear and counting every alternate beat for a 
minute or two, and comparing with a regulator or watch going 
to time. However, a small dot on the fourth wheel is an 
almost imperceptible disfigurement, and will generally be found 
useful as the watch is getting pretty close to time. 

The curb pins should be only just free of the spring, parallel 
inside and tapered back from the point on the outside, without 
burr or roughness that would allow a lodgment of the spring. 
Mr. Kullberg considers the curb pins should not reach below 
the bottom of the spring, so that there is no room left for the 
second coil to jump in. The curb pins should not extend far 
beyond the stud, or the outer coil may jump out. But apart 
from the jumping of the spring it is objectionable to have the 
curb pin or pins far from the stud. It is noticed that watches 
in which this distance is great are very difficult to time. 

Soft balance springs soon get out of shape, and are therefore 
not reliable, but their strength is not materially increased by 
hardening. If a watch is brought to time with a soft spring, and 
the spring is afterwards hardened, the rate of the watch would be 
accelerated but a few seconds in twenty-four hours. The method 
of hardening a spring without distorting it after it had been 
applied was at one time kept a secret by the few who practised it. 
It is, however, exceedingly simple. The spring is placed between 
two round, perf^cti^y fi,at plates of German silver. These 
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Fig. 8. 



plates are then laid on a small press of German silver very much 

resembling in form the presses used for 

copying letters. (See Fig. 8.) The plates 

are kept together by means of an iron or 

German silver screw. The spring, press 

and all, are then heated to a cherry red 

and plunged into water. When cool, a 

thin slip of bright steel is laid on the press, 

which is heated till the slip of steel is 

brought to a blue colour, when it is 

plunged into oil. It is not imperative that the press should be 

of German silver, but it must not be of steel or wrought iron, 

or the springs will be spoiled. 

Balance Spring Holder.— This tool (Fig. 9) forms a kind of self- 
acting tweezers, and is useful for holding the outer coil of the 
spring, especially when it is 
desired to get the length accu- 
rately with the balance in its 
place in the watch before pin- 
ning to the stud, as in the case 
of a Broguet spring prior to 
turning the overcoil. 

Palladium Springs. — M. Pail- 
lard has introduced balance 
springs of palladium and some 
alloy which possesses the two 
great advantages that they do 
not rust, and are not liable to be 
magnetized. These springs, 
therefore, are often applied to 
watches and chronometers. 
They do not accelerate so much 
as hardened steel springs, and 
trials seem to show that the 
middle temperature error is ^ig. 9. 

with them considerably reduced. The fifth chronometer on the 
1883 Greenwich trial was fitted with a palladium spring and an 
ordinary compensation balance without auxiliary. No chrono- 
meter maker would expect such a result with a steel spring. 
Whether palladium springs are as lasting as hardened steel re- 
mains to be seen. Being heavier than steel they droop more, 
and in Breguet springs the overcoil has to be lifted farther 
above the plane of the spring, so as to avoid the possibility of 
contact if the watch is roughly turned on its face. Their limit 
of elasticity is less than that of tempered steel springs, so that 
they will not bear so much bending and they more readily 
show marks of the pliers. 
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Position Errors. — Only the finer class of watches, with overcoil 
spring and compensation balance, are as a rule tested for position 
errors. Position errors, which are due to escapement faults, 
bad jewelling, and other constructional inaccuracies, are often 
confounded with a want of isochronism ; but a watch may be 
perfectly isochronous, and yet have very large position errors. 
Isochronism is dealt with first. 

Dial up is generally taken to represent the long vibrations, and 
any two opposite quarters the short vibrations. Suppose awatch 
showing mean time and with balance carefully poised is placed 
dial upwards for 24 hours. At the end of that period it is found 
to be, say, 8 s. fast. The variation from mean time + 8 s. is 
noted. In the rack with pendant up for twelve hours it is found 
to have lost 8 s.,, and is then again mean time. With pendant 
down for twelve hours it is found to have lost 2 s., and is then 
— 2 s. The sum of the variation in the long vibrations is ex- 
pressed by + 8 ; the sum of variation in the short vibrations 
by — 10. The short arcs are said to be slow in 18 seconds. 

The most usual way of making the long and short vibrations 
isochronous is by altering the form of the overcoil. The piece is 
afterwards brought to mean time by screwing the mean time 
screws in or out. If the divergence from mean time is very great, 
two opposite screws of the balance are removed and heavier or 
lighter ones substituted as may be required. Platinum screws 
are used when extra heavy ones are needed. When the short 
arcs are slow, as in this case, the arch of the overcoil is closed 

slightly, and a little more of the body of 
the spring added to the overcoil. When 
the short arcs are fast, the arch of the 
overcoil is made a trifle flatter, and a little 
of the overcoil taken back into the body 
of the spring. Fig. 10 shows clearly what 
is meant. If the full line represents the 
original form of curve, it would be altered 
in the direction of b to quicken the short, 
and in the direction o( a to quicken the 
^^8- 10- long arcs. To alter the shape of the over- 

coil the spring is held with a pair of pliers or tweezers with brass 
faces curved exactly to suit it, while the alteration is made with a 
similar pair. Alterations must be made very gradually, for if 
bent too much the spring is likely to be spoilt in bending it back . 
After the requisite alteration is made, the watch again set to 
mean time is found to be, with 24 hours' trial, dial up, say, 12 s. 
fast. The watch is noted + 12 s. With the pendant up for 12 
hours, it gains 3 s., making it + 15 s. And with the pendant 
down 12 hours, it gains 9 s., and is then + 24 s. So that the sum 
of the variation in the long vibrations is -f 12, and the sum of the 
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variation in the short vibrations is + 12 also. The watch is now 
said to be isochronous, but there is still a position error between 
pendant up and pendant down of 6 secoodsjn 12 hours. 

Twelve hours' trial with pendant to the right shows a gain of 
13 s., and 12 hours' trial with petidant to the left a loss of i s., 
making a position error of 14 seconds m 12 hours in the quarters. 
The mean time screws may be drawn out sufficient to give a 
loss of 10 seconds in 24 hours, thus dividing the error. The piece 
would then show a variation from mean time in 24 hours running 
in each position : — 

Dial up . + 2 s. 

Pendant up — . 4 s. 

Pendant down + , 8 s. 

Pendant right + 16 s. 

Pendant left — i2 s. 

It will be seen that this watch could easily have been brought to 
time hanging (pendant up) and lying (dial up), but at the cost of 
the other positions. Open-faced watches are never placed dial 
downwards i n ordinary wear, and are therefore but rare! y tested in 
that position, except for Observatory trials.(SeeKewObservatory) 

If the short vibrations are not more than a turn in extent, the 
positions may be equalized b}^ drawing out the quarter screws of 
the balance nearest the fast position (opposite pendant and right 
of pendant in this instance), and setting in the ones nearest the 
slow position, and this is the remedy generally adopted. If the 
short vibrations are a turn and a quarter, altering the screws will 
be useless. Should the short vibrations be a turn and a half, 
which is not very likely, the opposite method would have to be 
resorted to, viz., the screws opposite the fast positions must be set 
in, and those opposite the slow, positions drawn out. This is 
called ** timing in reverse.'* Many of the best authorities 
strenuously object to tampering with the balance, and prefer to 
leave the position errors alone. No doubt it is a grave fault to 
set the balance out of poise, and as the extent of the vibration 
falls off from thickening of oil and dirt, the correction is 
destroyed and an additional error introduced. Of course, 
with a first-rate watch, where everything is of the best, the 
position errors will be very small. 

There is another method employed, but it is not less objec- 
tionable, and is not, I believe, efficacious if the position errors 
are large. It consists of bending the balance spring (not the 
eye), so that the eye, instead of being true with the cock jewel, 
is more towards the fast positions ; for instance, in the prece- 
ding example, the spring would be moved from the pendant, 
and to the right of it. The effect of this is to cause more 
friction on the balance staff pivots at those points. 

A watch out in positions may often be brought nearer by 
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turning the roller of the escapement half-way round on the 
balance staff, slight defects in the pivots and holes being thus 
neutralized. 

In timing a going-barrel watch, it should be fully wound before 
each trial, so that the pull of the same turns of the mainspring 
may be compared in every case ; for although there should not 
be much difference whether the short vibrations are caused by 
decrease of motive power or by change of position from lying to 
the rack, yet the results will not be absolutely identical. If the 
discrepancy is very great, it would probably indicate defective 
jewelling, holes too long or too large, or not sufficiently 
polished. The length of the straight part of the jewel hole 
should be about equal to its diameter. 

In adjusting marine chronometers and chronometer clocks 
for isochronism, the long and short arcs are not obtained by 
changing the position of the instrument, but the arc of vibration 
is reduced about one-quarter by letting down the mainspring, 
or reducing the power in any other convenient manner. 

Balance Spring Making. — In making balance springs, the first 
requirement is good wire. Afterbeingdrawn to suitable sizes, the 
round wire is flattened between rollers, and then drawn through 
jewelled clams to ensure uniformity of substance. The most 
general fault is that, during the frequent annealing necessary in 
drawing it so small, the steel has lost too much of its carbon. 
Flat spiral springs are coiled up in a circularboxof German silver, 
like a small watch barrel (see Fig. 1 1), either two, three or fourat 
a time. The excessive heat needed to harden steel deficient in 
carbon causes it to scale, and the springs stick together in the 
box, besides requiring much more labour to polish them after 
they are separated. The following is substantially the process 
described in the Horological Jour7ial by Mr. Glasgow: — *'The 
winder (Fig. 12) is of steel, with a pivot formed on the end to 

%x wA ^^ bottom of the 

m. ^^ ] _ box, and project 

into the box just 
the width of the 
Fig. Ti. Fig. 12. wire of which the 

springs are to be made. Across the pivot of the winder are 
slits to receive the ends of the wire. For Breguet springs, two 
are generally coiled up together, and then there is one straight 
slit across the centre of the pivot. If three springs are to be 
coiled up together, three equidistant radial slits are cut (as at 
a, Fig. 12), and for open springs of very thin wire coiled up 
four together, two slits at right angles across the centre are 
made. The pivot should be snailed from the slits according to 
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the wire to be used, so as to ensure the truth of the eyes of the 

springs. A hole is drilled and tapped in the centre of the pivot to 

receive a small screw, the head of which passes through a hole 

in the cover. Holes not radial, but 

almost tangential, are drilled through 

the side of the box to thread the wire 

through. The ends of the wire passed 

into the slits are secured by the screw, 

the cover is gently pressed on, and 

the winder rotated till the box is full 

The ends of the wire are cut off, the 

screw and winder removed, and , the 

cover bound tightly with wire. The 

holes are then stopped with soap and 

animal charcoalto exclude theair, and 

the box put in an open iron vessel 

containing charcoal, which has been 

placed in the fireof an ordinary grate. 

When the spring box is cherry red, 

it is dashed into a vessel containing 

plentyof cold water. The spring box 

is then placed in an old metal spoon 

filled with oil, and held over a name 

till the flame just flickers over the oil. 

After cooling, the springs may be turned out of the box.'* The 

flat faces are polished by gently pressing the tip of the finger on 

the spring, and moving it in a circular direction on a piece of 

writing paper on which red stuff has been rubbed. 
The spring is drawn down over a piece of wood with a conical 
end like Fig. 13, with a pin at the 
apex for the eye to go over, and the 
outsides are polished with a well- 
worn brush charged with red stuff. 
The inner sides are much more 
difficult to polish ; but if the wire 
is good, and has not been raised to 
an excessive heat in hardening, and 
Fig- 14- iftheairhasbeenproperlyexcluded 

during that operation, but little polish will be needed. The 

spring is placed on a flat piece of cork, and the inner sides 

rubbed to and fro and from side to side with a finely pointed 

peg charged with red stuif, the spring taking the form of a 

cone the while, as shown in Fig. 14. After polishing, the 

spring is washed in benzine, and blued on a flat plate. 

Helical springs are wound on a German silver tube having 
fallow grooves cut to the pitch the spring is to be. The ends of 
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the spritigare fastened to the tube underthehesclsof brass screws 
made left-handed, so as to draw the wire tighter ou the tube as 
they are screwed up, A piece of thiu sheet platinum is wrapped 
round the spring prior to hardening. Theoutsides andedgesare 
polished ou a block a little larger than the tube used for coiling 
the springs. For polishing theinside, the spring is mounted on a 
piece of wood charged with red stuff and roiatedin the turns, the 
spring being held between the thumb and finger the while. For 
bluing, the springs are secured by screw.s to a block with shallow 
grooves very similar to the tube used for coiling, except that it is 
solid and and a shade larger in diameter. The block is placed 
end upwards on a bluing pan, and may be encircled with an 
open glass tube to keep the temperature uniform. 
Balance Spring Tester — This guage, designed bj'Mr. T. Hewitt, 
— invaluable to the 

springer of high -class 
timekeepers. Dr. Hooke. 
inven tor of the balance 
mg, in explanation of 
* Its isochronous properly 
^ gave utterance to the now 
' well wornniaxim,«/i'fMj/o 
SIC I IS. (As the tension 
is, so is the force). And 
m theory this is true of 
bprings perfect in coii- 
stniLtion, though it some- 
times happens that a 
spnng apparently fault- 
less contains some latent 
defect that renders its 
iction not regularly pro- 
^ grebsive. With the tool 
shown in the engraving, 
the behaviour of a spring 
under different degreesof 
tension may be tested be- 
fore it is applied to the timekeeper, and if it prove to be bad it 
may be at once rejected, and much labour saved that would be 
otherwise thrown away. The ej-e of the spring is held in a 
spring collet, and its outer end caught in in a spHt nose at 
the end of the arm on the left. This arm is held in a split 
bearing, and is capable of adjustment to suit springs of various 
kinds. The circular scale is divided into degrees and into 
radians, and turns friction-tight on its axis so that it may be 
readily set to zero. By means of the knurled knob at the back of 
the tool the spring may be wound up, weights bdn^ ^ta.iJw.'iVi^ 




added to the scale pan to 
balance it. A fair average of 
the extremes of winding a 
balancespringwouldbesnb- 
jected to in the long and 
short vibrations of a watch, 
would be from three to four 
radians, and if for every 
tenth of a radian between 
these points the same incre- 
ment of weight were requi- 
red, th» progression of the 
force of the spring under 
trial would be regular. The 
bending moment of any 
spring may be ascertained, 
and in the case of substitu- 
tingone balance for another 
in order to obtain increased 
vibration, the relative mo- 
ments of inertia of the old 
and the new balance may be 
readily found. The central 
staff holding the eye of the 
spring is very nicely fitted 
in to jewel led holes. Itcarries 
the lever towhich the scale 
panishungat exactly I inch 
from the centre of motion, 
and then the bending mo- 
ments, &c.,are ver>'readil\ 
calculated in inch-grains. 

Uairet Balance Scale. — Tc 
facilitate the selection of a 



Scale shown in the engra- 
ving has been devised. It 
cotisists of a carefully made 
weighing scale with pivots 
working in jewelled bear- 
ings. The balance to be 
suited with aspringis placed 
ou the scale pan , with its staiF 
or cylinder in and against 
the triaugidar notch, and 
the exact weight of it is registered by means of a slide a 
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along the divided part of the scale. The weight of the balance 
being known, its diameter is ascertained by placing it against a 
measuring scale engraved on the bed of the machine. One half 
the diameter of the balance is taken as the size of the spring, and 
then on reference to tables which are provided, the correct 
strength of spring for the number of vibrations required is 
shown. If a balance is disproportionately light or heavy for 
its diameter, some allowance must be made. A full range of 
graded and numbered springs have been prepared for use 
with this scale. 

Balance Spring Buckle or " QMBxd.^^—lC/ef de spzra/.— 
Der SpiralschlusselA — ^A small stud with a projecting tongue 
attached to the ind!ex arm so as to bridge the curb pins, and 
prevent them engaging two coils of the balance spring. It is 
used chiefly in Swiss watches. 

Balance Staff. — [_Axe de balancier, — Die Unruhwelle.'] — The 
axis of the balance. In the best lever watches the balance 
collet is solid with the staff. For commoner work, the collet 
is of brass, and fitted tightly on. 

Eeplacing Balance Staff. — In running in a balance staff it will 
be prudent to note if the balance seat and escapement roller are 
correctly placed in the old staff, or in what direction alterations 
would be desirable. Remove the spring-collet and roller, and in 
the case of a colleted staff drive the staff out of the collet. With 
a solid staff, if the balance rivet is much spread, turn it away 
before attempting to punch out the staff. For a colleted staff 
centres maybe turned or filed on a pieceofvSteel, which may then 
be finished in the turns. For a solid staff, those who have not a 
lathe will avail themselves of the rough staffs to be obtained at the 
tool-shops. One of these may be hardened and tempered and 
finished in the turns. A workman who has a lathe will prefer to 
mount a piece of plain steel in a split chuck or in some other con- 
venient way, and turn it all over nearly to size, with conical centres 
on the ends. It may then be hardened and tempered and finished 
in the turns. Mark the position for the balance seat, reduce it 
carefully till the balance fits well, and be sure the shoulder of the 
seat is flat and square ; if left hollow the balance will probably be 
bent or will work loose. Turn the part that fits the balance to height 
and form the undercut for the rivet. Let on the spring collet and 
the roller, leaving the staff a little taper so that each piece passes 
freely to its place and fits there. Rest the balance collet on a 
staking tool and rivet on the balance with a hollow punch having 
a rounded face. Now measure from the balance seat to the end of 
the top pivot with the self- registering callipers or other gauge. 
Polish the angular face of the flange, and finish off back slopes 
and pivots as advised under the head of Polishing, ^.llo^vci'ig,^ 
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sufi&ciency of end shake from the measurement shown in the 
staff gauge. 

Balance Wheel. — [^Roue de reticontre. Das gangrad einer 
Spindeluhr.'] — The escape wheel of the verge escapement. This 
term is often applied by amateurs to the ** balance" proper. 

Banking. — [^Rebattement, — Prellen.'] — In a lever watch, the 
striking of the outside of the lever by the impulse pin owing to 
excessive vibration of the balance. In a horizontal or verge, 
the striking of the pin in the balance against the fixed banking 
stud or pin. 

Banking Pui«[ — Goupille de renversement, Der Aussch- 
wungstift,~\ — A pin for circumscribing the motion of the balance 
in verge and horizontal watches. 

Banking Fins. — [ Goupilles de renversement. — Die Prellsti/te.'] 
— (i.) In a lever escapement, two pins that limit the motion of 
the lever. 

(2.) In a pocket chronometer, two upright pins in the balance 
arm which limit the motion of the balance spring. 

(3.) The curb pins that embrace the balance spring of a watch 
are occasionally spoken of as banking pins. 

Banking Screw.— [ Vis pour arret de ditente.^Die Prell- 
schtaube,'] — ^An adjustable screw in the chronometer escape- 
ment, the head of which regulates the amount of locking by 
forming a stop for the pipe of the detent. 

Barleys. — [Grains d^07ge. Das Kom im Guilloche.~] — The 
little projections formed by the operation of engine- turning. 

Barlow, Edward. — A clergyman who invented the rack 
striking work for clocks in 1676. With this mechanism clocks 
could be made to repeat the hour at will, and its popularity on 
this account led to the introduction of repeating watches a few 
years later. Barlow and Quare both applied for a patent for 
repeating watches, and the Government decided in favour of 
the latter in 1687. 

Bar Movement. — [^Mouvement a ponts, — Das KlobenwerkJ] 
— ^A watch movement in which the top plate is omitted and the 
upper pivots of the movement are carried in bars. A bar 
movement is sometimes called a ** skeleton " movement. 

Barometic Error. — [^Erreur baromitrique. — Det Luftdruck- 
fehler,'] — The alteration in the timekeeping of a clock due to 
changes in the density of the atmosphere through which the pen- 
dulum has to move. The barometric error is very small. It has 
' '^en stated to be about a third of a second a day for a change of 
inch in the barometer, but its effect is dependent on the arco' 
^tioa of the pendulum and other circumstances. Chronp 



eters and watches are doubtless affected from the same cause ' 
to a lesser extent. Experiments by Mr. Ellis showed that if a 
magnet were fixed vertically to a pendulum, just above the pole 
of another magnet attached to the clock case, the rateof the clock 
could easily be altered by causing the magnets to recede from or 
aproach each other, as the attractive power of dissimilar poles 
caused it to gain. Taking advantage of this fact he devised a 
barometric compensation (as shown in the engraving) for the 
standard sidereal clock at the Greenwich Observatory, where, I 
believe it answers admirably. Two bar magnets, each about six 
inches long, are attached to the pendulum bob. one behind and 
one (a) in front, with their dissimilar poles towards a horseshoe 
magnet (i) carried by a lever resting at A 
on knife edges, so that the horseshoe i 
ahvays attracting the pendul 




creasing the acceleration due to gravity, 
i having of course itsleast effect when most 
llta distant. The poles of the horseshoe are 
exactly under the bar magnets and about 
-175 inches below them. At the other ex- 
tremity of the lever is a rod (rf) carrying a 
float (e) which rests on the mercury in the 
short leg of a barometer, as shown. The area of the cistern part 
of the short leg is four times the area of the upper part of the 
barometer tnbe. so that a variation of one inch in the barometric 
pressure would affect the heightof the raercutv m VQe.c\s\.'«'&\iMS. 
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•25 of an inch. As the clock lost with a rising barometer, the bar 
magnet over the south pole of the horseshoe magnet is placed 
with its north pole downwards, and the bar magnet over the 
north pole of the horseshoe magnet with its south pole down- 
wards, so that there should be attraction between the bar 
magnets and the horseshoe magnet. The bracket supporting the 
knife edges can be shifted to increase or diminish the action of 
the magnet, and the lever is balanced by placing weights in the 
pan/ 

Barrel. — {Bajillet. — Das Federhaus.'] — A circular box for the 
reception ofthemainspringofawatch or clock. (See Mainspring.) 

Barrel Arbor. — Arbre de Batillet. — Der FedersH/L'] — ^The 
axis of the barrel, round which the mainspring coils. 

In the absence of a suitable tap or screw plate when turning in 
a Geneva barrel arbor, if the collet is good it may be used as a 
plate. Soften the collet, and file two slight passages across the 
threads with a fine three-sided file ; screw a piece of brass wire 
through the collet so as to clear the threads of burr ; then re- 
harden the collet, and cut the screw on the arbor with it. A pair 
of pliers with faces curved to suit the collet are used to hold it. 
In an emergency the old arbor may be prepared for use as a tap 
if the old collet is not available. 

Barrel Arbor Turnscrew. — \Bo7ide a vis. — Federketn- 
schliissel.'] — The drawing sufficiently explains the nature of a 



handy adjustable turnscrew for barrel centres of Geneva watches, 
by Mr. John McKay. 

Barrel Contractor. — [Outil a resserret les sc7ges de Barillet. 
Federhaus Ziisam7naizichcr?\ — Boley's tool for restoring distorted 
mainspring barrels to shape, consists of a die with a series of 
tapered holes, as shown in Fig. i, and corresponding punches. 
The defective barrel is placed in a hole of the proper size, as in- 
Fig. 2, and a few light taps from a hammer on the punch quickly 
will bring the barrel to the desired form, and of a size to suit its 
cover. It may be desirable to interpose paper between the barrel 
and the tool, but if the holes have been well polished this is un- 
necessary. In some instances it will be better to turn out the 
groove in the barrel afresh, and to shape the edge of the cover to 
snap in properly. The groove should be slightly undercut, and 
the edge of the cover formed to suit, but the bevel must not be too 
'•arp, or the cover after snapping in may be loose. Besides its 
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primarj'use.thistoolwillbefoimduaefulforcoutractiiigringsand 
watch bows. Tlie smaller holes also answer for closiug the sock- 
ets of hour hands, the collets of carriage clock hammers and 
such like pieces. 




Barrel Cover. — ICoinvir/i 
de barillH. — Der Fedeiiiaitsdcckcl.l 
— A lid that snaps into a rebate in 
the barrel. 

Barrel Hole Closer. — See 
Riveting Stake. 

Barrel Hollo'w. — \Noyure du 
batiUet — Die Fcderha-usausdre- 
hung.~\ — The sink, cut either in 
the top plate or the pillar plate of 
a watch to give freedom to the 
barrel. 

Barrel Hook. — \_Crochet dt 
barillcl.^Der Fedcrhaken.'] — A pm 
in the barrel to which the mam 
spring is attached. Sometimes the 
attachment is made by a hoolv on 
the mainspring fitting into a hi ' 

tin the barrel. (See Mainspring ) 
I 'Raxrel'Ra.tcih.et.—lJfocheldcbanikt^Das Spa raid (/■tdtr- 
SskVO — ^ wheel on the barrel arbor kept from turning back, 
*hen the mainspring is wound, by a click pivoted to the watch 
plate or bar, which thus becomes the resisting base for driving 
the train. By means of the ratchet the lower turns of the 
mainspring may be set up as required for adjustment. 
^ In going-barrel watches there should be some provision. ^ 
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allow a slight recoil of the ratchet after winding, and where the 
atopwork is omitted this is essential to avoid banking error after 
the spring has been tightly wound. Sometimes a little play is 
given to the screw in the click hole for this purpose, but many 
— special forms of clicks have been devised 

/&C ^""^^ topermitaslightrecoilof the mainspring. 

Among the best is the one by Mr. Walsh. 
!l which is here shown. When the ratchet 
wheel is turned in thedirection of thearrow 
as in winding, the click proper is lifted out 
of the wheel by the straight arm, and when 
the wheel is released, it goes back before 
the click is engaged. The amount of this 
recoil can easily be regulated by the amount 

of the intersection of the straight arm 

Fig. I. with the wheel. 

A spring click butting against a stop, as shown in the 
drawing of the rocking bar mechanism under the head of 
" Keyless," is also good. 

As a ready way of allowing recoil in a key-winding watch, 
Mr. Plose suggests having two upright pins a little apart in the 
ratchet, which has a round hole and is free on the arbor. A 
pin through the arbor projects between the two pins in the 
ratchet, which are sufficiently apart to allow the recoil. 

A clever arrangement by Mr. Joseph Player, for a key-winding 
watch, shown in Fig. 2, provides for recoil, and also allows the 





barrel to be removed without taking down the watch. The 
ratchet is above the name bar; and fitted easily to a boss ; on the 
under-side of it is a steel disc carrying two clicks. There are 
notches cut in the periphery of the disc, and a stop pin in the 
namebaractsagainsttheedgesof oneof them. With thepinin 
eJefthand notch, for example,when the watch is being wound, 
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the disc would move till the side A of the notch was stopped by ' 
the pin, and upon releasing the key the disc would recoil to the 
position shown it the sketch. 

Basciue Case. — IBoiie bassine^Abgenmdele Fornt des 
Gehiiuses.'] — A form of watch case iu which there is no bead or 
projection on the outside of the cover. 

Bastard Cut.— [/.iVne bitardc—Baslardhieb (an FHlmJ,'] — 
A file between rough aud smooth. 

I Bearer. — \Contre-chami'ire. — Der Schainiertrdger.'\~K^\^c^ 
ttii metal soldered to the " middle " of a watch case as a support 
for the joint, 

Beat.^[C<i!<^. — Schlag.'] — The blow of the escape wheel as 
it falls on the pallet or locking surface. 

Beat Fins. — Small screws to adjust the position of the crutch 
with relation lothe pendulum. In a gravity escapement the pins 
at the end of the gravity arms that give impulse to the pendulum, 

Beckett.— (See Deuison.) 

Bell Crank Lever. — \_Ln'ier h equetre. — Der Glockemug- 
hebc/.'] — A lever whose two arms form a right angle. 

_ Bell Punch. — Poin(on a caiirer fotme enlonnoir.-^Glockenar- 
ligg Bvmai.~\ — A centreing punch set in the centre of a conical 

— shield. If 

the shield is 
placed over 
the end of a 
rod, and the 

punch struck, the centre of the rod is accurately marked. This 
IS especially useful for centring pieces that have to be turned 
in a lathe with male centres. The Bell Punch shown iu the 
figure has a spring to return the punch. 

Bench.^^/ai/;. — DicBank.'\ — An excellent arrangement of 
a watchmaker's bench and lathe by Boley is shown on the next 
page. His stool, capable of adjustment to height, is very conve- 
nient. Mahogany is the material most often used for a bench ; 
but birch, beech, and many other kiuds of wood are suitable. 
Cedar should never be used eitherfor bench or drawers, for it ex- 
udes asort of gum which forms asticky deposit on workand tools, 
and rapidly spoils any lubricating oil that may be exposed to it. 
Some watchmakers sit andsome stand to their work, Othersjust 
rest the body on theedgeof a high stool and assume an attitude 
between sitting aud standing. Thereis nodoubt that continuous 
sitting is bad, and a good medium height for a bench which will 
allow of either sitting or standing, and be right forworking at the 
Iatheis3 feet 7 inches, and if thebenchisabout4feet in length, and 
22inches ill width, it will affordample room. Thestack of drawers 
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Ion the richl hand should be 13 or 14 inches from front and bi 
and graded in depth, the deepest at bottom as shown. The top 
threfcniaywithatlv.-iiilagehavedivisioiisruiininsdiagonallyfroni 
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the front right-hand to the back left hand corner These 
be found handier for picking up a tool than the 
rectangular partitions. 

Benzine. — \_Bcnzine. — Das Benzin — A hydrocarbon obtained 
from coal tar. It is an absorbent of grease, and 
is used for cleansing watch work. It should 
not be used close to a gas or lamp flame. A 
glass pot like the sketch is used to contain the 
benzine for immersing the article in. The cover 
should be well fitted, or the benzine will evapo- 
rate. Dirty benzine may be again renderecl fit 
for use by filtering it through animal charcoal. 
Mr. Arthur Webb stops the end of an ordinarj' pintfglass funnel 
with paper, and presses therein calcined bone dnst till it is 
about three-parts full. On the top of this is poured the benziue 
^ be filtered. 







Berthoud, Ferdinand (born 1745, died i8oy\ an eminent 
French watchmaker, author of Essai sur rfforhgoie. Ttaile 
des Harlogcs Marines, Histoirc de la Mesiitt dit Temps, and other 
works containing a mass of useful information concerning the 
historj', theorj', and practice of the horological art, dealing 
with Harrison's, Sull/s, and Le Roy's inventions, and, indeed, 
everj- thing known in Berthoud's time. 

'Rvzq\..— ^Lunelle. — Det Glasrd/.'] — The internally grooved 
ring of a watch or clock case that contains the glass. 

Bezel Clearer. — This is for clearing the groove of a bezel 
to facilitate the 
fitting of a glass. 
There are two 
guides and one 
file-like cutter. 
When the guides 
are adjusted to 
the groove the 
cutter is drawn 
in by means of 
the screw and the 
tool rotated. It 
is recommended 
that the bezel be 
shut when the 
clearer is used. 

Blind Man's Watch. — \_Mo7itre pout les Aveugles. — (Jh? 
filr Jilinde ] — A watch in which the progress of the hands may 
be ascertained by touch. One of the most simple plans is to 
put a short hour hand between the inner and outer bottoms of 
the case, and twelve knobs on the inner bottom arranged in a 
circle just outside the path of the hand. The subdivi.sions of 
an hour can be very closely estimated after practice from the 
position of this hand. A more usual device is to place the 
knobs round the baud of the case, and to have a pointer on 
the outside of the outer bottom. This pointer, pivoted at the 
centre of the outer bottom, does not travel with the going of 
the watch, but may be moved easily till its position coincides 
with the hour hand of the watch, when it.s further progress i.s 
arrested. There is a large m.otion wheel turning once in 
twelve hours above the top plate, carrying a finger arranged 
like the passing spring of a chronometer detent, and it is this 
finger that catches a stop on a prolongation of the arbor of the 
pointer when the latter is turned the way tbe watch is going. 
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But when this finger follows the stop on the pointer, as it does 

in the going of the watch, it passes easily without obstruction. 
The objection to this form of touch watch is that if the pointer 
is pressed hard against the finger, it is apt to advance the 
hands of the watch. 

The best Bhnd Man's Watch I have seen is the invention of 
Messrs. Nicole, Nielsen & Co. There are knobs on the band 
of the case for the hours, with the spaces between divided into 
intervals representing five minutes each. The dial of the 
watch is somewhat smaller than 
usual, and outside of it is a movable 
ring having a little pointer fixed to ^ 
it. The edge of the dial has fine 
teeth cut round it, and pivoted to 
the under side of the movable ring is a click to take into these 
teeth, but kept away from them by a ver>- weak spring. The 
hour hand extends a little beyond the dial, and if the ring is 
turned round till the click meets the end of the hour hand, 
the hand sends the click into the teeth, which then take any 
pressure which may be put upon the ring. 

Blowpipe. — [Chalumcau. — Das Blasrolif .'j—ln its simplest 
form a tapered tube, from the smaller end of which a stream 

r^ , ^ ^^^ ^^^^ of air is projected into a 

^^^^^^^^^s flame, serving the double 
purpose of supplying it 
Fig- 1- with oxygen and direct- 

ing it to some particular point. The larger end of the blow- 
pipe is held in the mouth, and the intensity of the current 
may thus be regulated with great nicety, which is of much 
importance in soldering. The blowpipe shown in Fig. i has a 
hollow bulb introduced to arrest 
i any moisture from the mouth, 
I In another arrangement air is 
I alternately admitted into and 
ejected from an indiarubber 
J hall squeezed by the hand. 
J Fig. 2 shows Barthel's soldering 
Fig- 2. lamp, which is automatic, with 

hut one spirit reservoir, and nio.st effective. For melting 
metals a bellows worked hy the foot is often used to supply the 
blast to the blowpipe. 

Bluestone, — \Pierrea eau.—Det Wassersiein.'\ — A fine grit 
soft stone used for giving a surface to brass before polishing. 

Bluing. — \^Bleiiir. — Blauanlasscji.'] — The process of chang- 
ing the colour of steel by heat. The articles to he blued are 
placed in a bluing pan, which is held over the flame of a lamp 
"nd protected from draughts or currents of air. The bluing 
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pan should be well warmed to disperse all moisture before the 
work is placed in it. Many pieces to be blued are not suffi- 
ciently flat on the under side to become equally coloured on a 
flat pan. If fine brass filings are laid thickly in the pan, and 
the part to be blued is pressed into them, the colour will then 
be more even. (For bluing temperatures, see Tempering). 

Steel for bluing should be finished with medium red stuff", 
and the last few rubs given not with a metal polisher, but with 
a piece of boxwood or horn and plenty of red stuff and oil. 
Pieces that have been cleaned in dirty benzine (i,e. benzine 
charged with oil) will become specky in bluing. 

Difficulty is often experienced in bluing soft screws, but Mr. 
KuUberg tells me a good even colour may always be ensured 
if they are finished with a slightly soapy burnisher. 

Bluings Pan. — [^Revenoir. — Das Anlassblech.'] — A piece of 
thin copper, shaped something like a frying-pan, in which 
steel articles are placed to be blued. 

For bluing screws, an old barrel with holes drilled through 
the bottom is • used. This is placed bottom upwards in the 
bluing pan, and forms a holder for the screws, the holes being 
of such a size as to allow the thread to pass freely through. 

Bob. — {^Lentille, — Die Pendellinse.'] — The mass of metal at 
the bottom of a pendulum. 

Boilings -out Pan. — {^Casserole. — Auskochtiegel.'] — A copper 
vessel shaped like a stewpan. It is used principally for 
tempering steel articles by boiling them in oil, and for remov- 
ing cement from pieces of watchwork by the same means. 

Bolt and Joint. — \^Charniere de mouvemejit. — Schatniey und 
SchlussfederJ] — The contrivance for attaching a watch move- 
ment to a double bottom case. The joint is a hinge formed 
between the pillar plate and the middle of the case, and the 
bolt is a spring catch fixed to the pillar plate so as to snap 
into the middle of the case opposite to the joint. To get at 
the movement, the extremity of the bolt which projects above 
the dial is pressed back by the thumb-nail. 

Bolt and Shutter. — \Enhetien a volet, — Das Aufzugvorge- 
lege (^Thurmuhren)J] — An obsolete contrivance for keeping 
clocks going while winding. During the going of the clock 
the shutter — a plate of metal — stood in front of the winding 
square, so that the winding handle could not be applied. In 
moving this aside to wind, a click supporting a weight engaged 
with the great wheel. A modification of the old bolt and 
shutter introduced by Sir E. Beckett, in which a toothed 
segment was substituted for the click, is still used in some 
turret clocks, but is inferior to the ** Sun and Planet" and 
other maintainers. 



Bouchon. — \_Bouchon. — Das /K/Ztfr.]— Hard brass tubing 
inserted in watch and clock plates to form the pivot holes. 

To Fit fionchons. — After repairing the pivot a bouchon is 
selected as small as the pivot will admit, for the smaller the 
bouchon is, the neater will be the job. Open the hole of the 

Elate or cock so tHat the bouchon, which should be previously 
ghtly draw-filed at the end, will stand with a slight pressure 
upright in the opened hole of the plate or cock. Then with a 
knife cut it across at the part where it is to be broken off, so 
that it may break very readily when required to do so. Press 
it in the plate on the side the pivot works, break off, and then 
drive it home with a small centre-punch. In every repair of 
this nature, notice should be taken of the amount of end shake 
of the pinion, and allowance made by leaving the bouchon so 
that any access may be corrected. To finish offthe shoulder end 

, ^ _^ y,.^^ a small chamfering tool like 

the sketch .should be used. 
It has a hole .smaller than the pivot one to receive a fine brass 
wire serving as a centre to prevent the tool changing its position 
while being used ; or the wire maybe put through the bouchon 
hole, and then the hole of the tool may be left open. .The above 
is a far more expeditious way than using the mandril. 

Bow. — \Atchet. — Der Drehbogen.'] — (i) A thin slip of whale- 
bone or cane used to rotate the mandril of a lathe, a drill, or 
an arbor, by coiling a line attached to its extremities once 
round a ferrule or pulley on the object rotated ; this line, 
according to the dimensions of the work, is of gut. horsehair, 
or human hair. (2) The ring of a watch case by which it is 
attached to the watch guard is also called a bow. 
Bow Closer.— For closing a keyless watch bow on to the 




"ndant, or putting a distorted bow into shape, the hollowed 
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block and rouiul lever shown answer admirably, being more ' 
under control tban pliers shaped for tht; purpose. A bit of 
leather may be interjjosed to avoid marking the bow. The 
block is held in the vice, and the lever is long enough to give 
a sufficient purchase. 

BowPivoter. — When fitting 
a new bow to a watch this tool 
is of assistance. There are 
several rose cutters of different 
sizes, and a suitable one may 
be at once selected and placed 
in po.sition. The ends of the 
bow are in turn subjected to 
the cutter, and good pivots of 
uniform size formed instantly. 
A spring holder keeps the bow against the cutler. 

Broach for Keyless Buttons, — This will be found useful when 
iitting a new button or crown to a keyless watch, and when 
from wear the inside of the crown fouls the pendant. The 
cutting nose is slit after 
the manner of a split 
chuck, and the screw at 
the right hand will, 
when turned in the 
right direction, expand the cutter as desired. Holding the 
body of the tool in one hand and the button to be opened in 
the other, a few twirls do all that is needed. 

Turner's and Platnauer's Watch Bows. — Mr. Turner and Mr. 
Louis Platnauer have each patented a better method of attach- 
ing the bow to keyles.'s watches than springing the ends of it 
into the pendant. Necks are formed at the ends of the bow, 
ind in Turner's a hollow plug dovetails into the pendant and 
is secured by a screw placed where 
marked with a dot in the left hand 
figure. In Platnauer's a thin metal 
cylinder (Fig. 2) with slots terminating 
in a bayonet joint is slipped inside the 
pendant so as to clasp the necks. If 
desired, the ends of the pendant may be 
passed through holes in a jacket on the 
outside of the pendant so as to form a 
turning or thief proof pendant. lu that 
case, a groove is turned iu the pendant 
to receive the collars at the ends of the 
bow, and the cylinder is then slipped dowu outside of the 
pendant between it and the iacket. 
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Lange*8 Ouard Attachment. — Here the old 

style of bow is discarded. The winding 
pinion is fixed direct to the button, which is 
pierced to admit a loose shank .secured by a 
nut at the lower end and carrying a .small 
ring at the upper end for the attachment of 
the guard. 

Box Chronometer. — \^Chro7iomeite de 
marific, — I) er Marine- chronometer. ~\ — Marine Chronometer. 

Ti07L\XL%-\XL.—\Kmboitcr. — Gewerk-ei7ipasse7i,'] — Fitting the 
watch mov^Mnent to its case. A term generally used in con- 
nection with keyless watches, where it implies, in addition to 
the actual fixing of the movement, the fitting and connecting 
the wiiidiiig stem or pinion, and the pushwork for setting the 
hands. 

Brass. — \Laiton. — Das Messi7ig.'\ — An alloy of about 64 
parts of copi)er to 36 parts of zinc. A little lead is sometimes 
added for smoothness of working in the lathe. Hard brass 
called gun-metal is composed of 85 parts of copper to 15 of tin. 

Blackening Brass. — Dissolve copper wire in nitric acid 
weakened by adding, .say, three or four parts of water to one 
of acid. The article to be blackened is made hot and dipped 
into the solution ; it is then taken out and heated over a 
Hunsen ))urner or .spirit lamp. When the article is heated, 
the green colour of the copper first appears, and as the heat is 
increased the article becomes of a fine dead black. If a 
polislied surface is desired, finish with a coat of lacquer. The 
process is tlie very best for fine work, though articles soft- 
soldered cannot ])e safely subjected to it. For such, and rough 
work generally, tlie following, which is equally applicable for 
zinc and cHher metals, may be substituted : — Mix lampblack 
on a stone with gold size ; if a dull black is desired, make it to 
a very stiff paste ; if a more polished surface, then use more 
gold size. Add turpentine to thin it, and apply with a camel's 
hair brush. 

Brass Edge. — A ])rass rim fitted round the pillar plate of 
watch movements. It projects above the level of the plate so 
as to form a recess for the motion work, and beyond the plate 
so as to rest on the seat of the case. It also serves as an 
attachment for the dial. Rarely used in modern watches. 

Breguet, Abraham Louis (born 1747, died 1823), a 
French watchmaker of rare attainments and inventive power. 
Berthoud, who was Breguet's senior by two years, ends a brief 
notice of his brilliant contemporary thus, " II n*a rien publie." 
Breguet lived sixteen years longer than Berthoud, but, unfortu- 
nately for us, it must still be recorded •* he published nothing.'* 



47 

Breguet Key, Tipsey 'Kby .—{Clef Breguet.—Dcr Bregud- 
sMiisseL'] — A watch in which the upper and lower portions are 
connected by means of a ratchet clutch kept in gear by a 
spring, so that the upper part will turn the lower part in the 
proper direction for winding, but if the upper part is turned in 
the opposite direction, the ratchet clutch slips without movang 
or straining the lower part Of the key. This form of key was 
patented in England in 1789 by S. B. Harlow. 

Breg^uet Spring. — {Spiral Bieguet. — Die Breguetfederr\ — 
A balance spring in the form of a volute, the outer coil of 
which is raised above and carried towards the centre of the 
rest of the spring. (See Balance Spring). 

Broach. — {Eccarrissoir. — Die Reibahle.'] — A long tapered 
steel cutter used for enlarging holes already drilled. Watch- 
makers incline to the five-sided shape, but a half-round broach 
really has a better cut and leaves a rounder hole. A fluted 
broach also makes a good hole. A very taper half-round is a 
good enlarger. The handle of a broach should be perfectly 
straight with it, and moderatel}^ stout ; if thin and springy, the 
hole will not be round. Paper wrapped round a broach is useful 
for ensuring roundness, especially with the five-sided variety. 
Bottoming broaches, used chiefly for verge work, have chisel- 
shaped ends. If a hole has to be opened very much, the work 
should not be held in the same position all the time, but turned 
round at regular intervals, and the broach withdrawn each time. 
A round broach is used for burnishing brass holes. 

Brocot Suspension. — {Suspejision Brocot. — Brocofs Pen- 
delaufhdngung.'\ — A method of suspending a pendulum so 
that it can be regulated from the front of the dial. Two chops, 
free to slide between guides, embrace the pendulum spring. 
A vertical screw running through these chops, and pivotted 
top and bottom in the casting that supports the whole, carries 
a bevel wheel at its upper end. The pinion taking into this 
wheel is fixed to an arbor running to the front of the dial and 
terminating in a square. B}'^ means of a key placed on the 
square, the chops may be drawn further up or let further down 
the pendulum spring, thus practically lengthening or shorten- 
ing the pendulum. 

Buff. — {Cabron. — Die Lederfeile.'] — A polisher of leather. 
Soldiers old belts make very good buffs. French buffs are a 
soft kind of chamois. Sticks coated with emery paper are also 
called buffs. 

Bull's Foot or Box Bottoming 'File.— {Lime a sabot. 

— Die Senkeffeile'] — A circular file ^ 

used for filing sinks and other ^ | 

depressed surfaces. The handle rises from the top BiTli 
and is bent over to a right angle. lUliLJli 
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Burnisher. — \^Bru7iissoir, — DerPolhstahl.'\ — A hard polished 
surface, generally steel, which is rubbed against metal to 
, I .___^^^^ smooth it. The surface to be bur- 

^ nished must be free from scratches, 

which the burnisher would not remove, but render more 
distinct by contrast, and the burnisher must be kept highly 
polished, for the surface burnished can never be smoother than 
the burnisher. Burnishing polished pivots with the glossing 
burnisher preserves them from wearing. Very little, if any, of 
the metal is removed by burnishing in the ordinary way, 
although watchmakers sometimes use what are called cutting 
burnishers to form pivots. The cross section of these burnishers 
matches the outline of the pivot it is desired to form, and they 
are roughened by rubbing on a lead block charged with coarse 
emer>\ The pivot is finished with a smooth burnisher of the 
same form as the cutting one. Silversmiths use burnishers 
of agate. 

Butting. — \^A7c-bouteme7it. — Das Aufsetzen ifi einem Ein- 
griffe.^ — Two wheels touching on the points of the teeth when 
entering into action with each other. The tendency of pinion 
leaves to butt the wheel teeth when coming into contact is 
caused either by the bad shape of the teeth or the leaves, or 
by using a pinion of an improper size, or by the wheel and 
pinion being placed at an incorrect distance from each other. 
(See Depthing Tool). 

Button. — [Couroime. — Do Knopf. "X — On pendant-winding 
keyless watches, the serrated knob by which the watch is 
wound. 

Button Turn, which is used chiefly in Swiss watches, is a 
brass block pivoted in the index arm and covering the curb 
pin. (See Balance Spring Buckle). 

Calcinas. — A compressed block of calcined bone and starch 
used for cleaning watch brushes. 

Calendar Clock, Calendar Watch. — \Hofloge h calm- 
drier. — Die Kaleyideruhr^ — A cldck or watch that denotes the 
progress of the calendar. In a simple calendar, the mechanism 
has to be adjusted at the end of all months having less than 31 
days. A perpetual calendar performs correctly at the end of 
the short months, and also during leap year. 

Simple Calendar Work.— A simple calendar work is shown in 
Fig. I. Gearing with the hour wheel is a wheel having twice 
its number of teeth, and turning therefore once in 24 hours, 
A three-armed lever is planted just above this wheel; the 
lower arm is slotted, and the wheel carries a pin which works 
in this slot, so that the lever vibrates to and fro once every 
24 hours. The three upper circles in the drawing represent 
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three star wheels. The one to the right has seven teeth 
corresponding to the days of the week ; the centre one has 
31 teeth for the days of the month ; and the left-hand one has 
12 teeth for the months of the year. Every time the upper 
arms of the lever vibrate to the left, they move forward the 
day of the week and day of the month wheels each one tooth. 
The extremities of the levers are jointed so as to yield on the 
return vibration, and are brought into position again by a 
weak spring as shown. There is a pin in the day of the month 
wheel which, by pressing on a lever once every revolution, 
actuates the month of the year wheel. This last lever is also 
jointed, and is pressed on by a spring so as to return to its 
original position. Each of the star wheels has a click or 
jumper kept in contact by means of a spring. 

For months with less than 31 days, the day of the month 
hand has to be shifted forward. 

Perpetual Calendar Work. — Figs. 2, 3, 4 and 5 illustrate M. 
Brocot*s arrangement of calendar, lunation, equation work. 
The various parts are planted on a circular plate, of which the 
inner side, containing the pieces for indicating the days of tlis. 



Week antl the days of the month, is shown in Fig. 3. Fig. 5 
shows the outer side of the plate, which is devoted to the 
mechanism for producing the phases of the moon and the 
equation of time. To this side of the plate the dial (Fig. 4) is 
attached. 

The calendar is actuated by means of a pin e fixed to a 
wheel of the movement which turns once in 24 honrs. Two 
clicks G and h are pivoted to the lever m wi, G is kept in 
contact with a ratchet wheel of 31 teeth, and h with a ratchet 
wheel of 7 teeth. As a part of these clicks and wheels is 
concealed in Fig. ,-5, they are shown separately in Fig. 2. 



Brocot's Perpetc.a,l Calend.ui. 
Fig. J. 
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When the lever M ni is moved by the pin c, the clicks (; aiid 
H slip under the teeth, their beaks pass on to the following 
tooth, and the lever then, not leaning on the pin e, falls quickly 
by its own weight, and makes eacli click leap a tooth of the 
respective wheels of 7 and 31 teeth. The arbors of these 
wheels pass through the dial (Fig. 4), and have each an index 
which, at every leap of its own wheel, indicates on its special 
dial the day of the week and the day of the month. A roll or 
jumper, kept in position by a sufficient spring, keeps each 
wheel in its place during the interval of time which separates 
two consecutive leaps. 

This motion clearly provides for the indication of the day of 
the week, and would be also sufficient for the days of the 
month if the index were shifted by hand at the end of the 
short months. 

To secure the proper registration of the months of 30 days, 
for February of 28 during three years, and of 29 in leap year, 
M. Brocot makes the following provision. The arbor A of the 
month wheel goes through the circular plate, and on the other 
side is fixed (see Fig. 5} a pinion of 10. This pinion, by 
means of an intermediate wheel (d), works another wheel 
(centred at c) of 120 teeth, and consequently turning once in 
a year. The arbor of this last wheel bears an index indicating 
the name of the month. The arbor c goes through the plate, 
and at the other end (see Fig. 3) is fixed a little wheel gearing 
ivith a wheel having four times as many teeth, and which is 
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centered at F. This wheel is partly concealed in Fig. 3 by a 
disc (v), which is fixed to it, and with the wheel makes a turn 
in four years. On this di.sc are made 20 notches, of which the 

16 Hhallowest correspond to the months of 30 days, a deeper 
notch corresponds to the month of February of leap year, aud 
the last three deepest to the mouth of February of common 
years in each quaternarj- period. The uncut portions of the 
disc correspond to the months of 31 days in the same period. 
The wheel of 31 has a pin (i) placed before the tooth which 
corresponds to the 28th of the month. On the lever M ffi is 
pivoted freely a bell-crank lever (x «), having at the extremity 
of the arm n a pin (0) which leans its own weight upon the 
contour of the disc v, or upon the bottom of one of the 
notches, according to the position of the month, and the arm 
N is therefore higher or lower according to the position of the 
pin upon the disc. 

It will be easy to see that when the pin rests on the contour 
of the disc the ann N of the bell-crank lever is as high as 
possible, as it is dotted in the figure, and then the 31 teeth of 
the mouth wheel will each leap successively one division by 
the action of the click G, till the 31st day. But when the pin 
o is in one of the shallow notches corresponding to the months 
of 30 days, the arni N of the bell-crank lever will take a lowW 

osition, and the inclination that it will have by the forward 
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movement of the lever m m. will bring on the 30th the pin / in 
contact with the bottom of the notch, just as the lever has 
accomplished two-thirds of its movement, so the last third will 
be employed to make the wheel 31 advance one tooth, and the 
hand of the dial by consequence marks 31st, the quick return 
of the lever putting this hand to the ist. If we suppose the 
pin in the shallowest of the four deep notches, that one for 
February of leap year, the end of the arm n will take a position 
lower still, and on the 29th the pin i will be met by the bottom 
of the notch, just as the lever has made one-third of its course, 
so the other two-thirds will serve to make two teeth of the 
wheel of 31 jump. Then the hand of the dial will indicate 31, 
the ordinary quick return of the detent putting it to the ist. 
Lastly if, as it is represented in the figure, the pin is in one 
of the three deepest notches, corresponding to the months of 
February in ordinary years, the pin will be in the bottom of 
the notch on the 28th just at the moment the lever begins its 
movement, and three teeth will pass before the return of the 
lever makes the hand leap from the 31st to the ist. 

The pin easily gets out of the .shallow notches, which, as 
will be seen, are sloped away to facilitate it doing so. To help 
it out of the deeper notches there is a weighted finger (7) on 
the arbor of the annual wheel. This finger having an angular 
movement much larger than the one of the disc g, puts the 
pin out of the notch before the notch has sensibly changed 
its position. 

Phases of the Moon. — The phases of the moon are obtained 
by a pinion of 10 on the arbor b, which gears with a wheel of 
84 teeth, fixed on another of 75, which last gears with a wheel 
of 113, making one revolution in three lunations. By this 
means there is an error only of -00008 day per lunation. On 
the wheel of 113 is fixed a plate (z), on which are three discs 
coloured blue having between them a distance equal to their 
diameter, as shown in Fig. 4 ; these discs slipping under a 
circular aperture made in the dial, produce the successive 
appearance of the phases of the moon. 

Equation of Time. — On the arbor of the annual wheel is fixed 
a brass cam or ** kidney piece" (^y), on the contour of which 
leans the pin s, fixed to a circular rack (r). This rack gears 
with the central wheel k, which carries the hand for the equa- 
tion. That hand faces XII. the 15th April, 14th June, ist 
September, 25th December. At those days the pin s is in the 
position of the four dots marked on the kidney piece. The 
shape of the kidney piece must be such as will lead the hand 
to indicate the difference between solar and mean time, as 
given in the table under the head of Time. 

Manner of Adjusting the Calendar. — FiisWy, V\v^ \^\,\xx\\ q.1 
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the lever M m must be made at the moment of midnight. To 
adjust the hand of tlie days of the week, look at an almanac 
and see what day before the actual date there was a full or 
new moon. If it was new moon on Thursday it would be 
necessary, by means of a small button fixed at the back, on 
the axis of the hand of the week, to make as many returns as 
requisite to obtain a new moon, this hand pointing to a Thurs- 
day, and after to bring back the hand to the actual date, 
passing the number of divisions corresponding to the days 
elapsed since the new moon. To adjust the hand of the 
month, see if the pin o is in the proper notch. If for the leap 
year, it is in the month of February in the shallowest of the 
four deep notches (tj) : if for the same month of the first year 
after leap year, then the pin should be, of course, in the notch 
I, and HO on. 
Ferpetnal Calendar Watch. — The wheel h (Fig. 6). driven 
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by the minute wheel, makes one turn in 24 hours and carries 

a moveable finger a, which by contact with a pin moves the 

armed lever d by its extremity />. This lever, which has its 

centre of motion at /, acts through its diflferent arms. Firstly, 

at c it moves the day of the week star wheel (7 teeth). 

Secondly, at b the star wheel for the day of the month (31 

teeth). The finger a makes engagement and passes one tooth 

each day of the star wheel K (59 teeth), for showing the phases 

of the moon. 

Note — For this arrangement, which is, I believe, the invention of Mr. C. 
H. Audemars, I am indebted to Wa.^ Journal Suisse d' Horlogerie. 

The part of the mechanism which renders the calendar 
perpetual is composed of a wheel of 31 teeth f, engaging with 
the star wheel c. This wheel, which makes one turn per 
month, passes at each turn, by meansof the moveable finger w, 
one tooth of the star wheel g (48 teeth), which latter by this 
means makes a revolution in four years. The circumference 
of account disc fixed to this vStar wheel corresponds to the 
months of 31 days, the shallowest notches to those of 30 days, 
and the four quarter notches to the month of February. At ^, 
which is for February in leap year, the notch is hardly so deep 
as the other three quarter notches. 

Each day, after moving the day of the week and the day of 
the month, the lever d, solicited by the spring h, return its 
arm r to rest on the circumference of the count disc or in one 
of its notches according to the position of the disc. 

The point of the piece u pressed by its spring rests on the 
snail k. Before the last day of the month it falls on to the 
small part of the snail, and then its action is substituted for 
that of the arm b ; the point of the piece u presses against the 
notch of the snail, and advances the star wheel the number of 
teeth necessary for the hand to indicate the ist of the follow- 
ing month. It will be understood that the distance the point 
of the piece u falls is regulated by the position of the arm r on 
the disc or in one of its notches. 

In the engraving the mechanism is set to the ist December 
of the second year after leap year. The two pieces m and t are 
at the disposition of the watch wearer ; the first for adjusting 
the day, and the second for the age of the moon. The finger 
a is movable, to permit of putting the hands back without fear 
of deranging the mechanism. When the wheel h is turned 
back, the finger is arrested by the arm p, and, as it is sloped 
at the back, the pin carried by the wheel is able to pass easily, 
because the flexibility of the piece s permits it to give a little. 
The wheel f should be the same diameter as the star wheel c. 

Caliper. — \Calibre. — Das Caliber.'] — ^The disposition of the 
parts of a watch or clock. The arrangement oi X\v^ Xxwcv, 
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Callipers.— [C^/f^n'. — Dcr FedetzirkeL'y-Tvfo curved steel 
or brass fingers pivoted together to form a tool for measuring 
diameters. (Fig. i.) 

Callipers are u.'^ed by watchmakers for readily observing if 
wheels are true. The wheel mounted on an arbor is held 
between the points of the callipers. A toucher made of brass or 
German silver with a passage for the wheel or balance to pass 
between is held against or attached to the side of the callipers. 




Fig. I. 





Fig. 4. 



Fig. 5. 



Fig. 2. 



Fig. 3. 



The part out of flat is detected by very gaitly turning the balance 
or wheel round, and noticing the vSpot nearest to the passage. 
To ascertain if a balance is correctly poised, the balance staflf is 
centred between the points of the callipers and one limb of 
the callipers gently tapped, when if the balance is not in poise 
the heaviest part is drawn to the lowest position. The sinks 
in the limbs must not be too large or worn. In Fig. 2 is 
shown an adjustable link connecting the upper and lower 
portions. By means of this, after the limbs have been opened 
to suit any particular balance staff, the link can be set so that 
if the callipers are opened to remove the balance they can 
afterwards be closed to clasp the staff again without fear of 
damaging the pivots, because the link stops them from going 
beyond their former position. As a poi.sing tool for fine work, 
jewelled callipers are preferable. The ends of the limbs of 
an ordinary pair of brass callipers may be straightened as in 
Fig. 3, and a hole drilled and tapped in each ; to these holes 
brass screws without slits in the heads are fitted ; the screw 
heads jewelled with good endstones and holes large enough to 
take any ordinary pivot. Some prefer V-shaped jewels instead 
of holes and endstones. One outside edge of the callipers is 
roughened, and when the tool is in use it is slightly rubbed 
with a screw-driver or other tool that may be handy, to cause 
the heavy part of the balance to travel to the lowest point 
Plose's pattern is a very superior kind. It has ruby pins, with 



57 

polished sinks and an adjusting screw to prevent the callipers 
closing too far and causing injurj- to the pivot ends from care- 
less handling. {See also Poising Tool). The "Kxcelsior" 
callipers, having the limbs crossed as shown in Fig. 6, embody 
a distinct improvement over the ordinary kind. When held in the 
left hand, with the thumb and forefinger placed at opposite sides 
of the upper part, a slight pressure 
villi close the callipers, while a pres- 
sure with the ball of the hand below 
[ the crossing of the limbs will open 
I them as easily. Thpt the old- 
fashioned callipers can only be opened 
or closed by the use of two hands is 
a disagreeable experience to everj' 
witchmaker, especially when the joint 
of the callipers works stiffly. There- 
fore this advantage in tJie '• Excelsior." 
Fig are very useful inside and 
outside registering callipers. For 
instance in selecting 
a mainspring for a 
. clock barrel, the i 
side of the barrel may 
be gauged and the 
71. noted on the 
r ght hand scale. 
' The cnllipers are tJien 
opened for gauging 
the outside of springs 
and by ob.serviiig the 
index on the left hand 
scale, a corresponding 
spring can be quickly chosen. 

The plyer form of callipers shown in Fig. 8 are excellent for 
poising. They are furnished with male and female centres 
and a spring for keeping the object to l}e trued in position 
without uiidne pressure. 




Tig. 6, " n NCtUior Callipers." 
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Spring callipers, 
as shown in Fig. 
5, are useful when 
it is desired to 
retain a measure- 
^^ ment. 

Double-ended 
callipers (Fig. 4) 
give on the lower 
limbs an inside 
measurement cor- 
responding to the 
p- outside measure- 

the upper limbs. * * ment shown in 

The registering callipers by 

Mr. R. E. Chambers, shown in 

Figs. 9 and 10, are most handy. 

The back of the dial is recessed 

and arranged as in Fig. 10. One 

limb is fixed : the other is pivoted, 

and has a few rack teeth taking 

into a centre pinion. The pinion 

carries the hand, which should 

make a revolution in closing the 

callipers. The spiral spring 

attached to the pinion is to keep 

it and the hand banked in one 

direction for shake. The spring Fi^. 10. 

s is to keep the jaws open. The milled headed screw and the 

clamp c are to fix the jaws in case it is required to do so. A 

cover is snapped into the recess, and takes the back pivot of 

the pinion. 

Cam. — {^Doight de levte. — Die Hebescheiber\ — A piece of 

mechanism, moving from a centre, whose contour is formed 

to give irregular motion to a lever or other device with which 

it is in contact. 
Cannon Pinion. — [^Chaussee, Das Minutenrohr.'] — The 

pinion with a long boss or pipe to which the minute hand is 

fixed. (See Motion Work.) 
Cannon Pinion, snapping on (full-plate). Broach the hole of 

cannon smooth. Turn the arbor and polish it with oilstone 

dust to fit the cannon just easily. Square sink the bottom of 

cannon, to allow of the free entry of projecting centre pivot 

and centre hole. The sink must be wider than the hole. Cut 

this sink with the cannon shellaced on a plate in the mandril, 

or on an arbor in the turns with the ferrule previously knocked 

'^ and a brass screw ferrule fixed on the cannon. For the 
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first method use a cutter in the slide rest, for the second a 

f raver or right-angled sinking cutter with flat cutting face, 
'op of the cannon leaves must be slightly above the top of the 
minute wheel teeth, and bottom just free of the plate when 
both are in position ; the hour and minute wheels will then 
run freely. If the cannon leaves are much higher than the 
minute teeth, it will be best to reduce their heiRlit from below, 
leaving a little over to polish away at the finish. Should the 
cannon be very taper, turn and polish it until it is of almost 
an imperceptible taper, otherwise the liour wheel will not fit it 
properly. File and polish a hollow in one side of the cannon, 
or turn one in it, between the top of the leaves and the bottom 
of the square. Take care it is not too deep ; three-quarters of 
the thickness removed is mostly sufficient. Polish any burr 
off that may have been made by hollowing.' When the cannon 
is snapped on to the centre arbor, it should be as far down as 
necessary, and should not rise up when the hands are set. For 
this to be so, care is necessarj- in gauging the position of the 
hollow to be turned in the centre arbor, and the width of the 
hollow. Make the centre arbor a frosty grey, not bright, by 
using the polisher charged with very liquid oilstone dust ; 
then rub the polisher with but Uttle pressure from left to right 
a few times as the arbor slowly rotates. Bread off clean. Peg 
the pipe of the cannon perfectly clean, and put it on to the 
centre arbor. Rest the cannon on a bed of a brass stake fixed 
in the vice, and give a smart, but not hard, tap on a prick 
punch that is held exactly in the centre of the holiow. When 
the hollow is a turned one, a chisel-shaped punch (not quite 
sharp) is used. The sketch shows a useful form of stake by 
Mr. Plose, with three hollows or beds for various-sized cannons. 
There is a back plate to hold the cannon firm. The bolt from 
this back plate passes through the block and terminates in a 
knob or button. Between the face of the block and the collar 
of the button is a spiral spring strong enough to give a sufli- 
cient grip to the pinion head. The button is 
pressed in to insert the pinion in position or 
to release it. The sinks should be continued 
' through the back plate. Press the centre pin- 
ion tightly into the cannon while the blow is 
given, then a decided mark will be made. 
Remove the centre and cannon ioj^cf/ier from 
the stake, and if the blow has been sufficiently 
hard the cannon will not fall ofi"; twist it a 
little way round Liackward and forward, then 
turn half-way and pull off. A bright mark 
will be seen, of the exact width required, 
where the cannon has been knocked in ou to 
the centre arbor by the punch. Turn a groove m X\i^ ^■staot 
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very shallow depth, the width of the bright mark, and a 
little deeper in the middle than the sides. If the groove is too 
deep the cannon will go on tightly, but when it snaps into the 
grove, will turn too easily. Should the fit be too easy, every- 
thing else being correct, an additional tap with the punch, 
w^ithont the centre being in the cannon, will prove sufficient. 
Hut this time a lighter tap than the first, as there is nothing 
to resist the ])low and keep the punch from driving the inden- 
tation in too far. 

When the pinion is properl}^ snapped on it should turn with 
sufficient tightness all round, and not jump. 

Cannon and Set Hands Arbor (J -plate, hollow-centre pinion), 
to fit. — Clear a possible burr out of centre pinion hole wnth a 
broach. See that the cannon and set hands arbor run true; 
if the cannon does not, proceed as in "full-plate" advice. 
vSliould the set arbor be out of true in places, or "lumpy" 
stretch the hollow side by hammering it on a stake with light 
blows from the pane of the hammer. The blows must not 
follow in one place, but at regular intervals close on one another, 
and a few at a time before observ^ing in the turns if they have 
altered the shape from hollow to level. Any attempt to 
straighten a /lan/ set arbor, or any kind of arbor, by hammer- 
ing on the rounding, lumpy, or long part is mostly useless, and 
often ends in a breakage. When trued in this manner, turn 
(juite smooth, and very little taper, until the arbor just enters 
the centre ])inion ; reduce it with oilstone dust nearly to a fit. 
Presuming the leaves of the cannon to be the right height, sink 
it s(juare underneath as in " full-plate." Rest the cannon on 
the i)late in ])osition and put the dial on, gauge the quantity of 
sui)erfluous ])i])e and turn it away. This is necessary, as some 
cannons, if fitted first and shortened afterwards, are then too 
easy ; when the cannon has to be snapped onto the arbor, this 
shortening first is not so necessary. Broach the cannon until 
it is near the fit wanted. The centre pivots, if too long, must 
be shortened in the first place, the top pivot just to be above 
the sink in the top plate, and the lower one to project double 
as nuich. Polish the arl)or with red stuff, diamantine or ruby- 
tine, to fit the centre just friction tight, at the same time 
polishing the other part to fit the cannon, which must be a 
tighter fit than the centre, or it will slide off by hand setting 
should the key fit tightly. The cannon should be knocked on 
to the arbor up to the centre pivot with a hollow punch, and 
if tried out of the plates it must not allow the arbor to work 
back out of the pinion. Iilach time the fit of the pieces is tried, 
bread and clean very nicely, otherwise a proper fit will be im- 
possible. When the cannon is being opened, hold it in brass 

ed pliers with hollows filed to fit the pipe, or it will become 
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bruised or misshapen, and at the time of removal from the 
arbor use these two. 

With a solid centre pinion the cannon must be snapped on 
in a J-plate in a similar manner to the full-plate. In keyless 
watches the set hands arbor requires very exact fitting ; if too 
the wheels will jump in their depths, and sometimes break or 
spoil teeth, and it is awkward to set the hands to time. All hand 
works should be fitted so that the train is not driven back, when 
the hands are set back. When the watch is w^ound the train 
should not be perceptibly interfered with, if the hands are set. In 
keyless minute repeaters the springs to be overcomeby the cann on 
must not be too strong, or the hand work may fail to advance. 

Set hands push pieces should never be oiled, or they stick in 
the hole in time. 

Cap. — \_Calotte. — DicKapsel.'] — A cover. The full cap to full- 
plate watches covers the top-plate, to which it is attached by 
studs and a sliding bar or spring, and also encloses the circum- 
ference of the movement. The rim cap encloses the circum- 
ference only. With three-quarter-plate movements the cap 
covers the escapement and balance, and is sometimes made to 
open with a spring. 

Capillarity. — [ Capillarite. — Die Haarrohrche7ikraft.~\ — The 
attraction which exists between some fluids and solid bodies. 
Oil sinks are formed in watch and clock plates so that by 
capillary attraction the oil is kept close to the pivot instead of 
spreading over the plate. These sinks should be rather deep 
than wide ; some are much too large and shallow. Back slopes 
are formed on arbors having conical pivots, so that the oil may 
not be drawn all up the body of the arbor ; though the}^ hardly 
seem to be necessary, for the amount of oil applied must be very 
excessive for it to be drawn to the root of the pivot. If any- 
thing of the kind is needed, a small hollow between the pivot 
proper and the largest part of the cone would seem to be best ; 
similarly, a slight groove in the shoulder of a straight pivot 
near its circumference would form a good receptacle for oil. 
The *' attraction" is sometimes negative and becomes a repul- 
sion, as in the case of mercury in a glass tube. It is still called 
capillarity, whether the fluid is raised above its natural level 
or depressed below it. 

Capped Jewel. — \Trou €7i pie^re a coyitie pivot. — Stei7iloch 
7nit Decks tei7i,'\ — A jewel with endstone, see "Jewelled." 

Carriage Clock. — [^Horloge de voiture — Die Reiseuhr,~'\ — A 
small portable clock, usually in a brass rectangular case with glass 
panels, and an ornamental hinged handle at the top for carrying. 

Carrier. — [ Taquei. — DerMit7ieh77ie) .] — Watchmakers use this 
word indifferently to describe a pin projecting from a ferrule to 
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drive awheel orotherwork to beturaed.and a carrier propersueh 
as is screwed to the work to engage with thedriver. (See Ferrule.) 
Case Springs.— [AVjJd^f J- dc camtrc.—Die Gckdusc/edem.']— 
The springs in a watcli case that keep the outer bottom closed and 
;ause it to fly open. The lock 
pring fits in a groove formed in 
I the band of thecase, and is fastened 
1 at one end by a screw. The other 
end, which projectsabovetheband 
of the case near the pendant, is 
sloped off and by the closing of 
thi. cover is pressed back, but when 
the closing is completed springs 
iiituaiiick in the under side of the 
oLittr cover. There are sometimes 
Iwnflysprings. They are fixed at 
s the lock spring, and their free ends 
press the joint of the outer cover. Mr. A. Guye fixes the case 
springs to a thin brass ring between the movement and the 
case, which allows oftbe use ofa lighter case, and also preserves 
the movement from dust. Sketches of this are herewith given. 
Case Stake. — \_Tas a Botic. — Gchduse Amboss^ — Stakes 
with heads flat, as in the engraving, and of different degrees of 
rounding, made of steel or of boxwood, are used for restoring 
bruised watch cases to shape. The case-bottom is laid over a 
stake of suitable form and carefully hammered till the bruises 
disappear. For sharply -defined dents a hammer must be used, 
but a boxwood mallet will be sufficient to get rid of more 
superficial defects. It is almost impossible to restore battered 
engine-turning except by engine-turning it again. After a 

T bottom is staked it may be, if necessary, 
unpinned and mounted on the lathe in a 
wooden chuck and "spun," that is, 
brought to a smooth circular form by 
moving a burnisher over its surface while 
it is rapidly rotated. 
Cement.— [C/.v/f«/.— Oct A'iW.]- The 
cement generally u.sed by engravers and 
engine turners to fix their work is com- 
posed of foitr parts of pitch, two of plaster 
of Paris, and one of resin. These pro- 
portions are given to me by Mr. Warman. 
This cement is very strong, but has an 
offensive odour, and after its use the work 
requires to be cleaned in spirits of wine. 
Some watch engravers therefore now use 
"itta percha, which holds sufficiently firm and leaves the work 
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quite clean, or with only slight marks which a little oil will 
remove. The gutta percha is slightly warmed in a flame and 
the work put on cold ; if the work is heated, it will not after- 
wards leave the gutta percha so clean. 

Jewellers' Cement. — Dissolve gum mastic in spirits of wine. 
Soften an equal weight of isinglass in water. Dry it, and 
dissolve it separately in spirits of wine. Rub in with it, till 
dissolved, half the weight of gum ammoniacum. Add the 
dissolved gum mastic, and heat till thoroughly mixed. Keep 
tightly corked, and set the bottle in boiling water before use. 

Cementing Metal to Glass. — (i) Mix some of the best plaster ot 
Paris thoroughly dried with best gum Arabic previously dissolved 
in water. Apply quickl3^ This soon sets. (2) A very tenacious 
cement which takes longer to dry than the preceding may be 
prepared as follows : — Mix two parts of finely powdered litharge 
and one part of fine white lead ; mix three parts of boiled linseed 
oil with one part of copal varnish ; stir the powder into the liquid 
until it has the consistency of a stiff dough. Spread the cement 
on the metal, press it against the glass, and scrape off the surplus. 

Cement made of quicklime mixed to a thick cream with white 
of egg is useful for mending amber and the like. 

Paper on Metal. — Paper labels gummed of pasted on to metal 
will adhere much more securely if the metal is first treated 
with a strong and hot solution of soda and then wiped dry. 

Centre of Gravity, Centre of/NLasB.— [Centre de gmvtie. 
— Def Schwerpunkt,'] — That point in a body round which the 
mass is evenly balanced. 

Centre of Gyration. — {Ceiitte de rotatio?i. — Der Rotations-' 
schwefpunkt.'] — That point in a rotating body in which the 
whole of its energy may be concentrated. A circle drawn at 
seven-tenths of its radius on a circular rotating plate of uniform 
thickness would represent its centre of gyration. The moment 
of inertia or the controlling power of balances varies as their 
mass and as the square of the distance of their centre of 
gyration from their centre of motion. Although not strictly 
accurate, it is practically quite near enough in the comparison 
of balances to take their weight and the square of their diameter. 

Centre of Oscillation. — - \Caitre d' oscillation, — Der 

SchwingungsmittelpunktJ\ — That point in a vibrating body in 
which, if all the matter composing the body were collected into it, 
the time of the vibrationswould not be affected. In a straight bar 
suspended at one extremity the centre of oscillation is at two- 
thirds of its length, and in a long cone suspended at the apex at 
four- fifths of its length from the apex. From the irregular form 
of most pendulums the position of the centre of oscillation is not 
easy to calculate, but it is always situated below the centre of 
gravity or centre of mass of the pendulum. In constnictin^a 
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pcndiihnn it will be sufficiently near to assume the centre of 
oscillation to be coincident with the middle of the bob. 

Centre Seconds. — ^ Sccojide an centre. — Secunde aus da 
Mi He. \ — A lonj^ seconds fiand moving from the centre of a watch 
dial. i\n ordinary centre-seconds watch has the train arranged so 
that the fonrth wheel pinion which carries the seconds hand is 
])lante(l in the centre ol the movement. This necessitates an un- 
usual arrangement of the motion work, the minute wheel being 
driven by an extra wheel (of the same number as the cannon) 
attached to ihesec* )nd wheel pinion. The cannon wheel workson 
a pipe screwed to the ])late. If this kind of centre seconds is to be 
a stop watch, a slide in the band of the case, when pushed round, 
presses a ihin wire brake ai^ainst the roller of the escapement. 
Owinj^to the extra shake from the additional wheel in the motion 
work, ihe minute hand is not so exact in its movement, unless the 
minute wheel is conii)osedof two thin ones kept one in ad van ceof 
the other by a si)ring, or there is some other provision to avoid 
backlash. lUit altogether this is a most unsatisfactory wa}' of ob- 
taining a Centre seconds. (See '* Independent Centre Seconds/' 
"Chronograph," and " Split Seconds.") 

Centre Wheel. — [/xoiw dc centre. — Das MiyitUcnrad.'l — The 
wheel in a watch or clock the axis of which in ordinarj' move- 
ments carries the minute hand ; it is so called because it is 
planted in the centre of the frame. 

Centre Bottom Hole. — To put in new centre bottom hole in a 

watch ])late. First repolish the pivot, taking care to burnishit 
well. Put the frame in ihe mandril holding by the top plate, and 
centre from the top hole. Peg the bottom hole quite true, and 
turn it to take a small stopping. Turn a stopping to fit the hole 
tightly, and take care not to have it longer than enough to rivet 
properly. Care will be required in rivetingto avoid hammer marks 
and bending the plate. It may be done best with a steel punch- 
slightly hollow on the face, and with a pivot in the centre to enter 
the hole of stopping. Replace pillar plate in mandril (the top 
plate having remained there meanwhile) and turn out the hole 
quite true, testing it by the peg, and to nearly right size for the 
pivot. Broach it in carefully, finishing with a clean and well- 
polished round broach, and turn off and finish stopping with 
POLISHED cutters. Fit the stopping from the inside of plate, tapit 
slightly to drive it in, resting the plate on a piece of pegwood 
held in the vice, and having a hole drilled up it of a size to fit 
the stopping. — H.B. 

Centrifugal Tendency. — \_Forcc centrifuge. — Die FliA- 
kraft.\ — The endeavour of every particle in a revolvingor rotating 
body to fly from the centre of motion. The centrifugal tendency 
varies as the mass and as the square of the velocity of the bodyi 
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and inversely asthe radius of the circle ctescribed. Force= tVl" 
Compensation balances, if made thin in the rim, alter in gr 
diameter in the long and short vibrations from variation in the 
amount of centrifugal action. 

Cliain, Pusee Chain. — [Chaine. — Die Kette.^ — A small 
chain of steel that connects the barrelandfusee of a chronometer, 
watch, or clock. By the act of winding the fusee is rotated and the 
chain coiled thereon ; when the timekeeper is going, thechain is 
drawn off the fusee on to the barrel, Gruet, a Swiss, is said to 
have introduced the chain in place of catgut about 1664. 

Fusee Chain, to mend, — First find out from which side the piu 
or rivet is put in. In a new chain the side that lies to the largest 
part of the fusee should be the entry side of the pin. If there is 
much rivet, remove it with au oilstone slip. Restthe chain on a 
smooth lead block or stake, .so that the thin end of the rivet is 
uppermost. Start the rivet with a point of a graver, by geutly 
tapping on the handle. When the rivet shows through on the 
other side, lay the chain on a riveting stake, and gently punch it 
through the link. Ludwig's Fusee Chain Stake shown in the 
sketch is the best for this purpose. It consists of a 
I stake with a tapered slit formed to receive the Unk 
I of any ordinary watch fusee chain, and hold it 
securely without distortion while the rivet is being 
punched out. A fewthin steel punches driven into 
brass handles about three times as thick as the 
punches, projecting lialf an inch, and as thick as the centre arbor 
of aleverwatch, filed taperingto pass ea.sily through thechain link 
are handy for this andother jobs. Clear the nselessportion of link 
a way with out straining the other rivet. If ahook is required, stone 
it untilit fits thelink in every respect. The hole not beingexactly 
inalinewiththelinkholescausesabunglingrivet. Form thenew 
rivet from a good needle let down to a li^ht blue. File to fit the 
hole and stone smooth. Particular attention must he given to the 
shape of the rivet: itmustbe asstraightaspossihle; if taperthe 
hole willuot contain it in each of the three joints, andno hammer- 
ing will keep the chain together. Push the pin into the chain 
from the larger side of the hole, while the chain lies on the board, 
pressing the chain down with thumb and forefinger of the left 
hand at the same time. Twist while pushing the piu, and when 
thelinkmoves with the pin, the pin is sufficiently far in. Nip off 
the thinendclose to the link, and also the thick end. Stone the 
ends flush- with thelink. Hold the longest part of the chain while 
riveting it, the short end is less likely to jump. Lay the part to 
be riveted on a nice flat stake, with the thin end of the pin to the 
top, and with a succession of light blows from a fiat-faced 
hammer, the rivet will spread quite sufficiently, and the link 
will close to its normal state. Beginners mostly lea^Mt too is.m.iSb. 
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of the pin to be riveted, or hammer it too much, and 
very often use a pin too taper, too soft, or too hard, and the 
parts are in many cases not fitted to each other. 

An uneven chain, or one unevenly strained, will often show 
a tendency to fall over on its side in working. This can 
generally be cured by reversing the hooks and turning the 
chain end for end. 

Chain Hook. — [^Crochet de chahic. — Dcr Kcttmhakai.'\— 

The liook fixed at each end of the chain to attach it to the 
fusee and barrel. 

Chamfer.— [/i/^m«. — Die Schrdge.—Th^ small surface 
caused by the removal of a sharp ans. The chamfering tool 
with which the aris is removed is often spoken of as a **chamfer." 

Chamois lAQ^itYlQY.—l^Pcau de chamois. — Das JVascA/eder,]— 
To clean a chamois leather, make a solution of weak soda and 
warm water, rub plenty of soft soap into the leather and allow it 
to remain in soak for two hours, then rub it well until it is quite 
clean. Afterwards rinse it well in a weak solution composed of 
warm water, soda, and yellow soap. It must not be rinsed in 
water only, for then it would be so hard when dry as to be unfit 
for use. It is the small quantity of soap left that allows the finer 
particles of the leather to separate and become soft like silk. 
After rinsing, wring it well in a rough towel, and dry quickly, 
then pull it out and brush it well. In using a rouge leather to 
touch up highly polished surfaces it is frequently observed' to 
scratch the work; this is caused by particles of dust, and even 
hard rouge, that are left in the leather, which may be removed 
by a clean rougy brush. 

Chapters. — \_Poi?ifo?i a chiffns. — Romische Zahlefi.'] — The 
Roman characters used generally to mark the hours in watch 
and clock dials. 

Chariot. — [^Chariot. — DerSchliftcn.'] — A brass barscrewedto 
the pillar plate of a cylinder watch to carry thelower pivot of the 
cylinder and to afibrd a seat for the balance cock. Slight 
alterations in the intersection of the cylinder and escape wheel 
are made by shifting the chariot. 

Chimes. — \Ca7'iUon, — Das GIockcnspicL'] — ^The following 
gives the Cambridge Chimes, which are used in the Westminster 
Great Clock. They are founded on a phrase in the opening 
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symphony of HandeVs air, *'I know that my Redeemer liveth,** 



(Quarter. S 




HSVI 



and were arranged by Dr. Crotch for the clock of Great St. 
Mary's Cambridga^ in 1793. 

Cliiniing Barrel. — \Rouleau decarillon. — Die Stiftenswalze,~\ 
— A brass or wooden cylinder studded with pins for lifting the 
hammers in a chiming train. (See Quarter Clock.) 

dliming Clock. — {Horlogea carillon, — Uhr mil Glockefi- 
spieL~\ — A clock that plays tunes or runs through musical notes 
periodically. (See Quarter Clock.) 

Chops. — \Tenaille pour ressorl de suspensio7i, — Federbacken 
fPendelJ.'] — Two plates of metal which clasp the ends of a 
pendulum spring. 

Clironograph.. — \Chro7iographe. — Der Chro7iograph.'] — 
Strictly a timekeeper that leaves a record of its going, though the 
term chronograph is now generally applied to those watches that 
have a centre-seconds hand driven from the fourth wheel, which 
may be started, stopped, and caused to fly back to zero by 
pressing either the pendant or a knob at the side of it. The 
chronograph hand generally beats fifths of seconds, and to 
permit of this an 18,000 train is necessary, 

(2) A revolving barrel driven by clockwork with a conical 
pendulum. It is used by astronomical observers. The barrel 
is covered with paper, on which a prick is made at the instant 
of the transit of a star. The position of the prick on the 
barrel indicates the time of the passage. 

Centre-Seconds Chronograph. — Fig. i shows one of the most 
common forms in which the chronograph mechanism is arranged 
on the pillowplate under the dial. The chronograph hand is fixed 
to the pipe of a brass wheel which runs freely on the centre arbor 
under the cannon pinion. This wheel has a finely serrated edge, 
and is usually driven by a smaller wheel having its edge serrated 
in the same manner. This latter is attached to the pinion which 
gears with the fourth wheel. The two serrated wheels beat tV^e. 
same proportion to each other as the fourth wYieel Oioe^ \.o *0a^ 



!i jilroady nieiitioned, so that the chronograph hand travels 
Fij;. 1. — Ckntre-Skcoxds Chronograph. 




rfniiid the dial in a minute, which is the time that the fourth wheel 
lakes to make a rotation. The smaller serrated wheel and ibe 
pinion to which it is attacliecl are mounted on a pivoted carriage 
with a projecting tail. On the left of the engraving is a "casfle 
ratchet," which has eighteen ratchet-shaped teeth rounditsedee 
and six projections orcastlc teeth rising from its upper face. El 
the figure tlie two serrated wheels are in contact, andthechrono- 
graph hand is con sequentlj- travelling. If now the button intbe 
_pe7jda«tis_pressed,theHhorterendofthebentleverwhichislyiiig j 
around inside the case is depressed, aud ttve b.QQk.«d end of Uie 



lever draws the ratchet round so that the tail of the carriage on 
which the small serrated wheel is mounted is moved far enough 
to takeit from contactwiththelargerwheel, and the chronograph 
hand consequently stops. At the same time a castle tooth which 
has been keeping a circular brake off the larger serrated wheel is 
moved out of the way so that the brake drops, thus keeping the 
chronograph hand from being shifted by accidental motion of 
the watch . When the button is again depressed, the castle ratchet 
is shifted round still further, and the returning lever with the 
pointed end is allowed to drop on to the heart-shaped cam, which 
is fixed to the larger of the serrated wheels. As the returning 
lever drops, its tail lifts the brake off the serrated wheel, and the 
lever impelled by a spring, as shown in the drawing, turns the 
cam from whatever position it may happen to be in till the lever 
rests on that part of the edge of the cam which is nearest to its 
centre of motion. The chronograph hand is then at zero. Each 
time that the bent lever is pressed it draws the ratchet round one 
tooth, and as there are three ratchet teeth to one castle tooth, it 
is evident that all the pieces in contact with the castle return to 
their original position after every three movements of the lever. 

The chronograph, on account of its ability to measure fractions 
of a second, has almost displaced the independent centre-seconds 
watch, but in this form it is by no means a perfect construction. 
The serrated wheels are not calculated to withstand continuous 
wear, and it is evident that, however fine the serration , they would 
cause the chronograph hand to jump backward or forward when 
brought into contact, unless a projection and groove happen to 
exactly coincide. This is often aggravated by minute portions 
of broken glass or other grit getting in the serrations. 

If the smaller serrated wheel is removed, and the hand brought 
to zero, it should not move, however often the button is pushed in ; 
but it often occurs that ifthe spring pressing on the returning lever 
which falls on the heart-shaped cam, or on the brake lever, is too 
strong, and the leveritself ratherweak, the lever gives a little, and 
causes the hand to shift. This is one of the most common faults 
met with, and may be rectified by weakening the spring or bring- 
ing it to bear more on the end of the lever farthest from its centre of 
motion. The samejerkingof the hand is sometimes observed when 
the pivots of the levers do not accurately fit the holes. (See also 
Split Seconds, and Repeaters, for the examination of Repeaters 
contains useful hints equally applicable to Chronographs.) 

Minnte Chronograph. — ^The mechanism just described provides 
only for registering seconds. An addition for actuatinga minute 
hand in connection with the chronograph will be understood from 
Fig. 2, for which I am indebted to Messrs. Baume & Co. Here 
the seconds chronograph, work, instead of being under the dial is 
all arranged onthetopof the movement. Above theceutreof tl\Q. 



rfigiire may beseeii a double endedleverfollowingnearlytlie curve 
of the centre cock. Each timethepointof tlie heart-piece passes, 
itliftsoneendofthislever.caiisiiigthe other end to move forward 




onetoothof a star wheel of sixty teeth, which is underneath the 
dial. This star wheel is kept steady and helped forward by a 
jumper.and to its arboris attached thechrouographminutehand, 
which travels round a small circle on the dial opposite to, and 
matchingthecircleiortheusualsecondshandon the fourth wheel 
arbor. The eud of the lever pressing on the point of the heart- 
piece serves also tokeepit perfectly steady when the secondshand 
IS jumped back to zero, and so takes the place of a spring whichis 
[ often applied for this purpose toseconds chronographs. There is 
^Ka heart -piece on the pipe of the chronograph minute hand for 
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returning the hand to zero. When the chronoj^aph is put out 
of action, a lever presses on this heart-piece in tlie same way, 
and with the same effect as in the case of the heart-piece for 
the seconds hand. 

I notice that in this arrangement of Messrs. Baume & Co. for 
driving the chronograph hands there is a serrated wheel on the 
fourth wheel arbor, and that this and theothertwo serrated wheels 
are large.andallthreeareofthe same size. Theserrationsonthe 
driving and intermediate wheel are three times as coarse as those 
on the centre wheel, and the teeth are distinctly and accurately 
fotmed. By this means a safe working depth is secured for the 
driving and intermediate wheels, which always run together; 
yetwhen the chronograph is started, contact is made with the 
.same certainty and deadnes'i as if all the serrations were fine, the 
teeth of the intermediate wheel taking into every third .space of 
the centre wheel. By thi.s improvement the uncertainty and 
trouble arising with the more usual small serrated wheel, to 
which I have already referred, arc avoided. 

Clemences' CliroiiograplL— On the next page is shown another 
formofchronograph, recently patented by MM. CliJmence Frur&s. 




CrjEMENCE's Chronograph. 
The distinctive ieatare of til's invention is the maTvueA: qI iiiWvc 



the minute recorder from the third wheel arbor, which will be clearij 
undeistood from the drawings and references. 

A, axis of lever a, which is 
ated by the push piece at a', and 
carries a click at a*. B, axis of 
castle-ratchet b, ft', A' jumper. C 
axis of serrated wheel c and heart- 
piece f'. This axis passes through 
the centre pinion and carries on 
the other end the seconds chrono- 
graph hand. A axis ( f fourth 
wheel carrj'ing serrated wheel d. 
E, axis of carriage e car->-iiiK ser- 
rated wheel/ and kept in contact 
with castle at c liv spriiij; c'. F, 
axis of wheel /.' (7. hr;ike. //. 
axis of returiiinK lever k held 
against castle by spring A'. A', 

bri<lKe over ch'ronoj{raph '- 

removed and indicated - 
lines. A, bankiiif; 




\- dotted 
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. — MiSt'TK Rkcorder. 
thin sprinK liearinH aRainst arbor of chronograph hand to ensure steadiness. In 
Fig. 4, which is a view of the minute recorder work under the dial, ,Vis theuti 
of n, a pinion on the third wlieel arbor gearing with the wheel O, on the pipe d 
which are o' brake disc and heart-piece d^ screwed to it ; o' is a flexible bWt 
fixed to the heart-piece and pressing sufliciently against a groove formed in tta 
pipe of the wheel O to carrj' the heart-piece round with the wheel. On the pipe 
of^the heart-piece the minute recoriling hand is carried P, axis of returning 
lever p. This axis is reallj' a prolongation of the axis H in Fig. 3, consequentlj 
the seconds and minute hands are returned to lero concurrently, Q, axis of 
brake o', which is kept from the disc by tlie spring q^ and brought to bear by » 
pin p\ 

Chrono^aph for Beoording Twentieths of a Second. — For 
timing the flight of projectiles, races, or any observations 
requiring greater accuracj- than can be obtained by the use of 
the ordinary chronograph beating one-fifth seconds, Messrs. 
Nicole, Nielsen, and Co. have devised the one shown in the 
sketch on page 73. 

The long hand rotates once in a minute, the short one once 
in a second. It is claimed that by fitting the heart pieces 
friction tight upon the centre and escape wheel arbors a perfect 
start is ensured, as errors due to the loss of time in maldng 
contact and shake in the depths of ordinarj' chronograph 
mechanism are eliminated, and observations can be taken 
with certainty to the twentieth part of a second, A cylin- 
der escapement is used, giving 20 vibrations per second, 
thereby corresponding with the divisions on the small dial, 
and as the balance can be stopped at any part of a vibration,- 
or duringthe impulse, it is even possible to get the one-fortieth 
of a .second. 

Jt mijfht be thought that with 72,000 vibrations per hour, 



the escapement would soon wear out, hut it is said that * 
experience has 
shown this not to 
be the case. In all 
other respects the 
mechanism is the 
same as that of a 
minute recording 
chronograph, with 
the start, stop, and 
return to zero 
actions. 

Chronometer. 
— r Clitonomitrc. — 
Cfironomcier.-]— 
Anj- exact time- 
keeper. More 
generally under- 
stoofl to mean a 
timekeeper \rith 
the spring detent 
escapement. 

Chronometer 
E scape m e nt. — 
l/ic/iappanml a 
detculc. — Chnnio- 
ineterhcnimung ] — ■ 
(Invented by Le 
Roy about, 1765. 
3?erfected by Eanishaw and Arnold about 17H0. An escape- 
ment in which the escape wheel is locked on a stoue carried 
in a detent, and impulse is given by the teeth of the escape 
wheel to a pallet on the balance staff once in ever\- alternate 
\'ibration- This escapement, which is unexcelled for time- 
keeping, is represented on page 73. 

Action of the Escapement. — A tooth of the escape wheel is at 
rest ou the locking pallet. The office of the discharging pallet 
is to bend the detent so as to allow this tooth to escape. The 
discharging pallet does not press directly on the detent, but on 
the free end of the gold spring, which presses on the tip of the 
detent. The balance, fixed to the same staff as the rollers. 
travels in the direction of the arrow, with sufficient energy to 
unlock the tooth of the wheel which is held by the locking 
pallet. Directly the detent is released by the discharging 
pallet, it springs back to its original position, ready to receive 
_ .the next tooth of the wheel. There is a set screw to Tegiilate 
^uhe amount of the lockine: on which the pi^e oi Vat; i.tViw'^. 
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butts. This prevents the locking pallet being drawn further 
into the wheel. It is omitted in the drawing to allow the lock- 
ing to be clearly seen. It will be observed that the impulse 
roller is planted so as to intersect the path of the escape wheel 
teeth as much as possible, and by the time the unlocking is 
completed, the impulse pallet will have passed far enough in 
front of the escape wheel tooth to afiford it a safe hold. The 
escape wheel, impelled by the mainspring in the direction of the 
arrow% overtakes the impulse pallet, and drives it on until the 
contact between them ceases by the divergence of their paths. 
The wheel is at once brought to rest by the locking pallet, and 
the balance continues its excursion, winding up the balance 
spring as it goes, until its energy is exhausted. The balance 
is immediately started in its return vibration by the effort of 
the balance spring to return to its state of rest. The nose of 
the detent does not reach to the end of the gold spring, so that 
the discharging pallet in this return vibration merely bends 
the gold s])ring without affecting the locking pallet at all. 
When the discharging pallet reaches the gold spring, the 
balance spring is at rest ; but the balance does not stop, it 
continues to uncoil the balance spring until its momentum is 
exhausted, and then the effort of the balance spring to revert 
to its normal state induces another vibration ; the wheel is 
again unlocked and gives the impulse pallet another blow. 

Although the balance only gets impulse in one direction, the 
esca])e wheel makes a rotation in just the same time as with a 
lever esca])enient, because in the chronometer the whole space 
between two teeth passes ever>^ time the wheel is unlocked. 

By receiving impulse and having to unlock at every other 
vibration only, the balance is more highly detached in the chro- 
nometer than in mostescapenients,which is a distinct advantage. 
No oil is required to the pallets and another disturbing influence 
is thus got rid of. If properly proportioned and well made its 
performance will be cjuite satisfactory as long as it is not sub- 
jected to sudden external motion or jerks. For marine chro- 
nometers it thus leaves but little to be desired, and even for 
pocket watches it does well with a careful wearer ; but with 
rough usage it is liable to set, and many watchmakers hesitate 
to recommend it on this account. It is much more costly than 
the lever, and would only be applied to very high-priced 
watches, and in these the buyer naturally resents any failure 
of action. Its use in pocket pieces is therefore nearly confined 
to such as are used for scientific purposes, or by people who 
understand the nature of the escapement, and are prepared to 
exercise care in wearing the watch. There is another reason 
why watchmakers, as a rule, do not take kindly to the chrono- 
meter escapement for pocket work. After the escapement is 
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taken apart, the watch does not so surely yield as good a per- 
formance as before. In fact it is more delicate than the lever. 

Constrnction and Proportioii of the Escapement. — For the ordi- 
nary 3-inch two-day marine chronometer movements, three 
sizes of escape wheels are used — viz. -54, -56, and -58 of an inch 
in diameter ; for eight-day marine chronometers the sizes are 
— -48, '50, or -52 of an inch. The escape wheel has fifteen 
teeth, and the diameter of the impulse roller is half that of the 
escape wheel. The roller is planted as close between two teeth 
of the escape wheel as possible, so that theoretically the roller 
intersects the path of the teeth for 24° of the circumference of 
the wheel. This gives theoretically a balance arc of 45°.* 
Practically it is less ; there must be clearance between the 
roller and wheel teeth, an allowance must also be made for the 
side shake of the pivots. In Fig. i the impulse pallet is just 
opposite a tooth of the escape wheel when the discharging 
pallet is resting on the end of the gold spring. The balance 
moves through about 5° to accomplish the unlocking, and by 
the time that is done the impulse pallet will be 5^ in advance 
of the tooth, and the tooth will drop through this space and 
more before it reaches the pallet, because after the wheel is 
unlocked it takes some time to get into motion at all, and at 
first its motion is slower than the motion of the pallet, which 
had not ceased to travel. The drop must be enough to allow 
the pallet to safely intersect the path of the tooth, and is 
arranged generally as shown, so that the pallet is 5° in advance 
of the tooth when the unlocking is completed. But many 
authorities insist on even more drop, so as to give the impulse 
more nearly on the line of centres. It is argued that the drop 
is not all mischievous loss of power, as it is in the lever 
escapement, for with a greater amount of drop the wheel 
attains a greater velocity when it does strike the pallet. How- 
ever, most makers adhere to the 5°, although it may in some 
instances be advisable to vary it. If there is fear of over- 
banking, the arc of vibration may be reduced by giving more 
drop ; and if the vibration is sluggish and the drop can be 
safely reduced, the vibration will be increased thereby. 

The body of the escape wheel is thinned down to about one- 
half for lightness. The fronts of the wheel teeth diverge about 
20° from a radial line so that the tips, being more forward, draw 
the locking stone safely in. The locking face of the stone is 
also set at a sufiicient angle to ensure perceptible draw. The 
edge of the impulse roller acts as a guard to prevent the wheel 
teeth passing in the event of accidental unlocking at the wrong 
time. There is a crescent -shaped piece cut out of the roller to 
clear the teeth of the wheel. It should be very little behind 

♦ The balance arc is the amount that the edge of the impulse roller -*^ 
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the pallet, and less than the distance between two teetli of the 
escape wheel in front of it, to avoid the danger of running 
through or passing two teeth when such accidental unlocking 
occurs. It is important to see that there is enough cut out in 
front of the pallet to clear the wheel tooth at all times. When 
the balance is travelling very quickly — i.e., with an unusually 
large vibration — the pallet gets a long way in front of the tooth 
before the tooth starts, and then if the crescent is not cut far 
enough beyond the face of the pallet, the tooth would butt on 
the roller. 

The radius of the discharging pallet is a trifle less than one- 
half that of the impulse pallet. If made too small the locking 
stone cannot return quick enough to catch the tooth. 

Thedetentismade very light, a 
in the drawing. Thespringof tl 
when the foot is fixed and it stands out horizontally, one penny 
weight hung from the pipe deflects it about a quarter of an inch. 
If the spring is made too thin, it will cockleand give trouble. The 
detentmay very easily be made too long from the point whereit 
bends to the locking pallet, and would then be too sluggish and 
allow the wheel to trip by not returning quick enough after the 
unlocking to receive the next tooth of the wheel. The distance 
from the shoulder of foot to pipe to beequaltothedlameterofthe 
wheel is recommended by Mr. T. Hewitt as a very good rule. 

intersects the path of 
the wheel teeth, and is 
measured from the 
centre of llie balance 
staff. Figs. 2 and 3 
show a method of deter- 
mining^ the relative size 
of the escape wheel 
and impulse roller for 
a given balance arc, 
which is taken from a 
report in the Horolo- 
gtcal Journal of a most 
excellent lecture on the 
Chronometer Escape- 
ment by Mr. Nelson. 
Fig. 1 (36" of balance 
arc) is an example of a 
usual proportion for 
Fig. 2. Fig. 3. pocket, add Fig. 3 (45" 

of balance arc) a usual proportion for marine chronometers. Through 
A B, the given centres of escape wlieel and balance, draw the . 
line c. From a set off by means of a protractor 12" (half the distance 
between two teeth of the escape wheel] on each side of the centre line, 
and draw d e. From b set off on each side of the centre line half the 
amount of the given balance arc and draw two other lines, as shown. 
The circles representing the tips of the escape wheel teeth and the im- 
pulse roller are drown to cut the intersections of these tawt \\.wes, 




The- esca])e wheel is of hard hammered brass, therollersof steel. 
The detent of steel, carefully tempered, with the point of the horn 
left softer to allow of bending. The pallets are all of sapphire or 
ruby, fastened in with shellac. A brass plugis fitted in to occupy 
the S])ace in the pipe of detent not filled by the locking pallet. 
The j^old s])ring is hammer hardened. 
Pocket Chronometer. — The escape wheel forpocket chronometers 
varies from -29 to about '35 in diameter. The impulse roller is 
made larj^er in proportion to the escape wheel than in the marine 
chronr)nieter, so as to lessen the tendency of the escapement to 
set. If the chronometer escapement is brought to rest by ex- 
ternal motion just as the unlocking is taking place // must set, 
for the balance s])ring is then quiescent. In the lever escape- 
ment the tooth of the escape wheel is in the middle of the 
im])ulse ])lane of the pallet when the balance spring is quies- 
cent, and in tliis respect the lever has the advantage. If the 
velocity of the balance in a chronometer is much reduced when 
the unlrK'kinj( is completed, then a large impulse roller is of great 
assistance to the wheel in overcoming the inertia of the balance. 

As the diameter of the roller is increased, the balance arc, 
and also the intersection of the path of the wheel teeth by the 
impulse jiallet, is decreased. The velocity of the edge of the 
roller, too, more nearly approaches the velocity of the wheel 
tof)tli, so tliat less of the power is utilized. It is, therefore, not 
])ni(lent to arlo])t a much less balance arc than 28° or 30°. 

The tendency of ])()cket chronometers to set is also lessened by 
adopting a (|nick train. 18,000 is the usual train, but they are 
occasionally made with 19,200 by having sixteen teeth in the 
escape wheel instead of fifteen. This seems to be an objectionable 
way of ^ettin^ the (juick train. The teeth of the escape wheel 
being closer together, a small roller must be used to get the 
same intersection, and as there is less time for the detent to 
return there is great danger of mislocking. 

Vox the convenience of getting the seconds hand to jump half- 
seconds, a i4,4fX) train is sometimes adopted in pocket chrono- 
meters. In this case the escape wheel has twelve teeth, the 
numbers of the rest of the train remaining the same. 

The other i)arts of the pocket Chronometer Escapement are 
similar to those of the Marine Chronometer already described. 

To Examine the Escapement.— See that the wheel is true and 
the teeth smooth and perfect, and that the rollers properly fit the 
staff. See that the end shakes and side shakes are correct. See 
that the " lights " between the wheel teeth and the edge of the 
roller are equal on both sides when the wheel is locked. If they 
are not, the foot of the detent must be knocked a trifle to or from 
the centre of the roller till the lights are equal. If the light is 
more than sufficient for clearance, the roller must be warmed to 
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soften the shellac, and the impulse pallet moved out a little. If 
the light is excessive there will be too much drop on to the 
locking after the wheel tooth leaves the impulse pallet, and 
with a large drop there is danger of tripping. 

To ensure safe locking the detent should be set on so that when 
the bankingscrewis removed, and the locking pallet is free of the 
wheel teeth, it will just spring in as far as the rim of the wheel. 

In pocket chronometer escapements it is especially necessary 
to see that the face of the locking stone is angled so as to give 
perceptible draw. Many pocket chronometers fail for want of it. 

The gold spring should point to the centre of the roller. Bring 
the balance round till the discharging pallet touches the gold 
spring preparatory to unlocking, and notice how far from that 
point the balance moves before the gold spring drops off the face 
of the pallet. Then reverse the motion of the balance, and see if 
the same arc is travelled through from the time the back of the 
pallet touches the gold spring till it releases it. If not, the horn 
of the detent must be bent to make the action equal. 

Bring the discharging pallet on to the gold spring, and let it 
bend the detent so that the locking stone is as much outside the 
wheel as it was within when the wheel was locked. The gold 
spring should then drop off the discharging pallet. Make it to 
length, sloping off the end from the side on which the pallet falls 
to unlock, and finish it with great care. The gold spring should be 
thinned near its fixed end as much as possible, and the detent 
spring thinned if it is needed. The judgment of the operator must 
determine the proper strength in both cases. The nose of the de- 
tent horn should be nicely flattened and the corners rounded off. 

The locking pallet should not be perfectly upright. It should 
lean a little from the centre of the wheel, and a little towards the 
foot of the detent, so that the locking takes place at the root of 
the stone, and then the action of locking and unlocking does not 
tend so much to buckle the detent. The face of the impulse 
pallet, too, should be slightly inclined so that it bears on the 
upper part of the wheel teeth. By this means the impulse pallet 
will not mark the wheel in the same spot as the locking pallet. 

Try if the escape wheel teeth drop safely on the impulse pallet 
by letting each tooth in succession drop on, and after it has 
dropped, turn the balance gently backwards ; you can then judge 
if it is safe by the amount the balance has to be turned back 
before the tooth leaves the pallet. If some teeth do not get a 
safe hold, the impulse roller must be twisted round on the 
arbor to give more drop. 

If the escapement is in beat, the balance, when the balance 
spring is at rfest, will have to be turned round au e<\\ial d\^\."a.\i^^ 
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each way to start the escapement. When the balance spring is 
in repose, the back of the discharging pallet will be near the 
gold spring, and if the balance is moved round till the gold 
spring falls off the back of the pallet and then released, the 
escapement should start of itself ; and in the other direction also, 
if the balance is released directly the wheel tooth leaves the face 
of the impulse pallet, the escapement should go on of itself 

Chronometrical Thermometer. — An instrument devised 
by the late Astronomer- Royal for magnifying the effect of 
changes of temperature during chronometer trials. It is an 
ordinary chronometer, except that the metals composing the 
compensating laminae of the balance are reversed, the steel 
being outside and the brass inside. 

Chronoscope. — \_Pcndide aux guichets. — Guicheiuhr.~\ — ^This 
word, which from its derivation appears to be a more suitable 
title for the watches generally known as chronograph, is used 
to denote a clock in which the time is shown by figures pre- 
sented through holes in the dial. 

Chuck. — \Tasseaii, — Der Aufsatz.~\ — An adjunct to a lathe, 
used for holding the work to be operated upon. (See Lathe.) 

Circular Error. — yErreur citculaire. — Der Pendelschwiiig- 
wigsfchler ] — In a clock the difference of time caused by vari- 
ations in the extent of arc described by the pendulum in 
following a circular instead of a cycloidal path. 

Clam.s. — yPhiccs. — Die Schiebeza7igc.~\ — (i.) A kind of pincers 
kept open by a spring and closed by a sliding thimble, or by 
being pinched in the jaws of a vice. 

(2). Shields of wood or soft metal placed over the jaws of a 
vice. (See Vice). 

(3). A cylindrical piece of boxwood divided by a thick saw- 
cut for the greater part of its length and closed by a sliding 
ring, used by jewellers for holding the shank of a ring. 

(4). Jewelled slits through which balance spring wire is 
drawn to make it of uniform thickness after rolling. 

Clepsydra. — {^Clepsydre. — Die JVasse^ u/ik~\ — A machine for 
indicating time by the passage of water. One of the earliest forms 
of the Clepsydra, which was in use in Egypt about 200 B.C., is 
shown in Fig. I . A supply of water ran through the pipe h into 
the cone a, and from there dropped into the cylinder E. A 
conical stopper b regulated the flow, and the superfluous water 
escaped by the waste pipe i. The Egyptians divided the period 
between sunrise and sunset into twelve equal hours, so that the 
conical stopper had to be adjusted each day, and marks for every 
day in the year and for the particular latitude of the place were 







cut on the stalk d as a giiide to the position of the stopper, A 
floating piston terminating in a rack served to actuate a pinion, 
to the arbor of which an hour hand was fixed. 

Fig. 2 represents a very simple form of Clepsydra used in the 
seventeenth centurj-. It is merely a glass vessel, wltli an 
orifice at the bottom, filled with as much water as will flow ont 
in exactly twelve hours, figures being placed at the proper 
distances to denote the successive hours. 

CUck.—lC/i^iti^i.—SpErfkeifel.']— A detainer. (See "Ratchet 
Wheel " and " Detent "}. 

KSde Cliok (HTige.--To facilitate the selection of side clicks 
XS^SA^^Kk." ^SB '"'^^ barrel ratchets, Mr. 
^A^^MnHB^nH ^siret has devised a gauge, 
shaped something like a 
douzienne gauge. The 
manner of its use will be 
apparent from the engrav- 
. The distance from 
screw hole on the bar 
to the bottom of the ratchet 
tooth can be taken and 
i registered to the fifth of 
la millimetre. Then, by 
— ™.T-.— — _ .ML,J| measuring from the screw 

hole to the hook of hkelj clicks, one of the accurate distance 
between these points can be quickly chosen. 
Clinker.— (See Red StuflJ, 
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Clock. — \^Ho}log€, — 5/fl«^//^r.]— Generally, any mechanism 
for timekeeping other than a watch or chronometer. Although 
clockmakers still understand a clock to mean a timekeeper that 
strikes the hours, the term has certainly a wider significance now. 

Cleaning and Eepairing Clooks. — In taking down clocks prior 
to cleaning, it is a good plan to mark where the teeth of tibe 
wheels engage with the pinion leaves, for if there should be 
any slight inaccuracy the teeth may not gear so well if altered; 
and in striking trains the lifting pins and the run after warning 
will then be correct when the clock is again put together, that is 
assuming they were right beforehand. In many French clocks 
there is already such a mark, one leaf of the pinion being sloped 
off and a dot being made on the wheel tooth that corresponds 
with it. All the parts may be placed in a bath of paraffin, which 
forms as good a detergent as any, and, as they are taken out, 
l)rushed with a moderately hard clock brush ; clean the pivot 
holes by twirling a pointed peg in each one. Tarnished gilt 
plates, and polished ones if not much stained, may be restored 
by immersing in a cyanide bath (see Gilding). Badly stained 
polished plates may be repolished with rotten stone used on a 
willow polisher or soft brush. 

For the ordinary run of clocks the lollo wing course of exam- 
ination may be followed with advantage : — ^After taking the 
movement from its case, remove the hands, dial, minute cock, 
and bridge, to try the escapement with some power on, and 
note any faults there. Next remove the cock and pallets, and 
if it is a spring clock, put a peg between the escape wheel arms 
to prevent it from running down, and let down the spring. 
Here sometimes is a difficulty ; if the spring has been set up 
too far, and the clock is fully wound, it may not be possible to 
move the barrel arbor sufficiently to get the click out of the 
racket. In many old clocks there will be found a hole drilled 
at the bottom of, and between the great wheel teeth, directiy 
over the tail of the click ; so that you can put a key on the 
fusee square and the point of a fine joint pusher through the 
hole, release the click, and allow the fusee to turn genUy back 
until it is down. Having let down the spring, tiy all depths 
and end-shake and all pivots for wide holes ; if it is a striking 
clock, do the same with the striking train, payings particular 
attention to the pallet pinion front pivot to see if it is worn and 
the rack depth made unsafe thereby — also seeing that none of 
the rack teeth are bent or broken. Having noted the faults^ if 
any, take the clock to pieces, look over all the pivots, and note 
those that require repolishing. Finally, take out the barrel 
cover, and see to the condition of the springs ; if a spring is 
exhausted or soft, several of the inner coils will be found lying 
closely round the arbor. 
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■ Palleta. — In most cases some repairs will be required to tHe 
|Jlets, as these nearly always show signs of wear first ; if they 
e not much cut, the marks can be polished out, and for this 
Irpose a small disc of emery about three inches in diameter 
bunted truly on an arbor, and run at a high speed in the 
Ihe, will be of great assistance ; finishing off with iron or 
fcel polisher and sharp red stuff. If you have to close the 
Ulets to make the escape correct, see that the pallet arms are 
Bt left hard, or you may break them. If the pallets require 
^ch alteration, or renewal, and a depth tool sufficiently large 
not at hand a tool similar to Fig. i will answer as a substi- 
It consists of a base plate with a slot in the centre run- 
feg throughout the greater part of its length ; on this base 
, plate slides another plate 
n at right angles to it, whose 
fjlry i position is secured by : 
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and stud passing 
through the slot. Each of 
these plates carries a tube 
with a boss perpendicular 
to the face of the plate ; 
in these are fixed either 
conical centres or hollow 
bushes, as required, to 
receive a wheel or pinion 
or wheel and pallets. 
After making any altera- 
tion in the pallets, it may 
be necessary to correct 
the depth ; should it only 
require a slight alteration, 
it will be sufficient to 
knock out the steady pins 
^^ in the cock, and screw it 

"n so that it can be shifted by the fingers until you have got 
the depth correct, then screw it tight and broach out the steady 
pin holes, and fit new pins. If much alteration in the depth is 
required, it mav be necessarv to put in a new back pallet hole ; 
this can be made from a piece of hollow stopping broached out 
and turned true on an arbor. It is not safe to rely on the truth 
of the stopping, unless it is turned on an arbor first. The hole 
in the plate is now drawn in the direction reciiiired with a round 
file, and opened with a broach from the inside until the stop- 
ping enters about half way. Of course, in finishing broaching 
the hole, you will roughen the extremities to form rivets. 
Drive the stopping in, and rivet it with a round-faced punch 
from the outside: reverse it, and resting the ?.to?'5V'a?,Q'iXVe. 
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punch rivet the inside with the pane of the hammer ; remove 
any excess of brass with the file, chamfer out the oil sink, and 
stone off any file marks ; finally open the hole for the pivot to 
the proper size. 

Making New Pinions. —Frequently one meets with an escape 
pinion that has become so badly cut or worn as to be useless, 
and if a new one cannot be purchased it will be necessary to 
make it from pinion wire. In sectoring the pinion wire to the 
wheel, bear in mind that it will become slightly smaller in filing 
up. Considerable practice is required to make good-shaped 
pinions quickly and well. A piece of pinion wire of a slightly 
greater diameter than the pinion is to be when finished, is cut 
about one-eighth of an inch longer than required, and the 
position of the leaves or head marked by two notches with a 
file. The leaved portion of the wire that is not required is filed 
down on a filing block, taking care not to remove any of the 
arbor in so doing ; a centre is then filed at each end true vnth 
the arbor, and then projected through a hole in a runner or the 
cone plate shown under the head of lathe and turned. Get the 
pinion head quite true by straightening the arbor if necessary, 
and turn the arbor and faces of the pinion square and smooth. 
The pinion is now filed out true, using a hollow-edged bottom- 
ing file for the spaces, and a pinion-rounding file for the sides 
of the leaves. In using the bottoming file the pinion is rested 
in the gallows tool shown on p. 137 and held in the fingers 
when finishing the leaves, to keep them flat. The file marks 
are taken out with fine emery and oil ; the polishers may be 
pieces of wainscot oak, about a quarter of an inch thick, five 
inches broad and six inches long, used endway of the g^ain. 
One end is planed to a V shape to go betweeen the leaves, and 
the other cut into grooves by rubbing it on the sharp edges of 
the pinion itself, which speedily cuts it into grooves to fit. 
The pinion is rested while polishing in a groove cut in a block 
of soft deal, which allows it to give to the hand, and keeps it 
flat. When the file marks are all out, the pinion is ready for 
hardening. Twist a piece of stout binding wire round it, and 
cover it with soap ; heat it carefully in a clear fire, and quench 
it in a pail of water that has been stirred into a whirlpool by an 
assistant, taking care to dip it vertically. When dried, it is 
covered with tallow and held over a clear fire until the tallow 
catches fire ; it is allowed to burn for a moment, and then blown 
out and left to cool. The leaves are polished out with crocus 
and oil in the same way that they previously were with emery. 
Now, if the pinion is put in the centres and tried, it will prob- 
ably be found to have warped a little in hardening. This is 
corrected in the following manner : The rounding side of the 
arbor is laid on a soft iron stake, and the Aollow side stretched 



by a series of light blows with the^awt'of the hammer, giveu at ' 
regular intervals, along the cur\'e. Having got the leaves to run 
quite true by this means, turn both arbors true, and polish them 
with the double sticks — these are simply two pieces of thin box- 
wood, about three-eighths of au inch wide and three inches 
long, hinged together at one extremity and open at the other ; 
between these the arbor is pinched with oil and fiue emery, and 
they are traversed from end to end to take out the graver marks. 
The brass for the collet, to which the wheel is rivetted, is now 
drilled, broached, and turned roughly to shape on an arbor. 
The position on the pinion arbor is marked with a fine nick, 
and the collet soldered on with soft solder and a spirit lamp, 
taking care not to drawthe temper of the arbor when doing so. 
Wash it out in soda and water, and polish the arbor with crocus, 
turn the collet true, and fit the wheel on. If the pinion face is 
to be polished, it is now done, the facing tool being a piece of 
iron about one-sixteenth of an inch thick, with a slit in it to 
fit over the arbor with slight freedom, used with oilstone dnst 
first, and then shaip red stuff. 

Sometimes cut pinions are used for the centres, and then the 
body of the arbor is sufficiently large to allow the frontpivot to 
be made from the solid arbor; but if the centre pinions are 
made from pinion wire in theraanner just described, the leaves 
are beaten together on an anvil to form a solid mass for the 
front pivot. This piece should project sufficiently far through 
the pivot hole to allow it to be squared to receive the friction 
spring which drives the motion work. In cases where this 
pivot is much cut, it may be turned down and have a steel 
lube soldered on to form a new one ; as these pinions are very 
long and flexible, .some difficulty will be experienced in turn- 
ing this pivot, unless a back stay is used to support the arbor, 
and prevent it springing from the graver. A cheaply-made 
form of backstay is shown under the head of Lathe. 

Worn Pinions. — In common clocks, where both third and 
escape pinions are worn by the wheel teeth, if the pivots are 
still in good condition the third pinion leaves can be turned back 
from the outer end rather more than the thickness of the centre 
wheel, the pivot shoulder also turned back the same distance, the 
pivot re-made, burnished and shortened. Then the pivot hole in 
thej'rofit plate is opened with a broach to about twice its original 
size, and a stopping with a good large shoulder is turned tnie on 
anarborandrivetedintothe plate. The thickness of the shoulder 
of this stopping will depend on the amount the arbor was short- 
ened, and must be such as just to give correct end shake to the 
pinion. By shiftingthe third wheel and its pinion thus, a fresh 
portion ofboththe third and escapepinionsisbrought into action, 
and as good results will be obtained asbyputtingUvoHfe-NV'"''^''*''^'*'" 



86 

Escape Wheel. — Often in old clocks the escape wheel is so much 
out of truth that anything like close escaping is out of the ques- 
tion, as so much drop has to be given to enable some teeth to 
escape, that nearly all the power is lost ; in such a case a new 
wheel is a necessity, and if you want to get a good ^a/^f wheel 
you must make the blank yourself. Take a piece of hard sheet 
brass, about twice as thick as the wheel is to be when finished, 
and cut from it a square sufficiently large for your wheel ; then 
with a hammer with a slightly rounded face, reduce it to nearly 
the thickness you require. In hammering go regularly over 
the surface, so that no two consecutive blows fall on the same 
spot ; and when one side is done turn it over, and treat the other 
in the same way. File one side flat, find the centre and drill a hole 
nearly as large as required for the collet; cement it with shellac 
to a flat-faced chuck in the lathe, and centre it true by the 
centre hole. Mark with the graver the size of the wheel, and 
with a narrow cutter remove the corners ; face the blank with 
the graver, and turn it to size, leaving it slightly larger than the 
old wheel ; knock it off" the chuck and reverse it, bringing the 
turned face next the chuck, turn that face flat and to thickness, 
and it is ready for cutting. After it is cut, remove any burrs 
with a fine file, and mark a circle to show the thickness of the 
rim, and on that circle divide it into the number of arms it is 
to have ; mark also a smaller circle slightly larger than the 
collet on which it is to be riveted, draw lines through the 
divisions in the outer circle and the centre of wheel to mark 
the centre of the arms. Drill a hole between each of the arms 
to enable you to enter the file, which to begin with should be 
a coarse round one, then follow with the crossing file, holding 
the wheel between a piece of thick card in the vice ; finish by 
draw-filing the arms and crosses with a very smooth file, followed 
by a half-round scraper used as when draw-filing. This leaves 
the surface smooth and ready for the burnisher, of which tool 
two different shapes will be required, one oval, and the other 
half-round. These tools, when in use, require to be repeatedly 
cleaned on a piece of leather, and passed over the palm of the 
hand, to prevent tearing up the surface of the metal. The 
wheel teeth are now polished out with a short-haired brush and 
fine crocus and oil ; then take out the file marks from both 
sides of the wheel with water of Ayr stone and oil, and it is 
ready for riveting on. The riveting stake for clock work is 
like the ordinary pinion riveting stake used by watchmakers, 
only it is in two pieces dividing down the centre of the holes; 
if it were in one piece, the pinion head would prevent it passing 
through a hole of the proper size to fit the collet ; it has two 
steady pins to ensure its coming together properly. Take a 
slight chamfer out of the front of the wheel -hole, and roughen 
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the surface of it «Ttli a graver, turn the collet down to fit in 
Hghlly. and rivet it on with a half-round punch, taking care to 
strike light blows and keep the wheel turning while riveting. 
It is then ready for stoning off and polishing with a flat wood 
polisher and fine crocus and oil. In crossing out a small 
delicate wheel, it is a good plan to fasten it with shellac to a 
flat plate of brass, having a hole in it rather larger than the 
inside of the rim of the wheel. In this way all danger of bend' 
ing a tooth of the wheel accidentally is avoided, and the crosS' 
ing can be finished without removing it from the plate. 

Striking Work. — The parts most frequently found to requii»| 
repair in the striking train of clocks, are the pivots of the upper 
pinions, especially those of the fly, pin wheel, and pallet wheel. 
If a pivot is only slightlycut, it can be re-turned and polished. 
and a new hole put in ; but if to entirely remove the marks 
the pivot woiild have to be much reduced in diameter, a new 
pivot is the only resource. 

New Pivoti.^In putting in a new pivot, the arbor uiay be 
centred in the cone plate as shown under thehead of Lathe, or in 
any other suitable tool if that one is not to hand. A short stiff 
drill should be used, ground to cut in one direction only, rather 
thin at the point, and for a short distance behind the cutting 
angles quite parallel. The drill should beleftqintehard.or, if a 
soft arbor is to be drilled, it may be tempered to a light straw 
colour, and the rest of the shank rather softer. If this is lubri- 
cated with either turpentine or benzine, but little difficulty will 
be found in drilling the arbor ; the hole should be rather deeper 
than the pivot is long, and in size rather larger than the pivot is 
to be. A piece of staff steel is now centred, hardened, and 
blazed off. and turned down true to fit the hole, and very 
slightly tapered, if too taper, the arbor will be split in driving 
it in ; when it fits half-way in, draw-file it carefully, and cut it 
to length, filing the outer end off square. A few blows of a 
light hammer will fix it firmly in position, then the extreme 
end of the pivot can be turned to a centre, through a hole in 
the lantern ninner. The pivot can now be turued down to 
size, poli.shed, bnnii.shed, and the end rounded up. Should the 
pallet wheel front pivot require repairing, a centre may be cut 
with the graver in theendof the square, then a male centre can 
be used, and the pivot turued and polished in the usual manner. 

Oathering Pallet and Rack.— In many old clocks, particularly 
in long case striking-clocks, the rack and gathering pallet are 
fregueutly found in very bad condition ; the pallet perhaps 
fitting the square very badly, thus making its depth with the 
rack uncertain. In the absence of a proper forging, a pallet 
may be made from a square bar of steel, thick enough tc 
the requisite length of boss. Mark the length of the tail ' 
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pullet, and file it down to almost the required thickness: file 
alho tin- opposite face of the bar smooth and flat. Mark the 
j*ohilion of the hole, and drill it at rig^ht angles tothefiace: 
tlu- diiiineter of the hole will be the same as the small end of 
llj( r)ijii:in- on the j)iillet pinion — measuring across the flats, of 
I om :^c. Start the corners of the square in the position required 
with a ^ood square file ; then take a piece of broken square file 
ol rat lit r a t (larse cut, and of the same taper as the square on 
tilt ])inion ; oil it, and drive it in with a few light blows of the 
hanjiiur, turn the jiallet over and knock it out again, turning 
it a ijuartrr round each time you withdraw it. In afewminntes 
\on 1 an thus forni a ^ood s(|uare straight hole, and fit it accu- 
latciy to jiinion-square. Put it on an arbor and turn the ends 
i^<|uaii- and to lenj^lh, see that the tail is at right angles to the 
hoir, also l\U' the lioss to form and shape the lip : this is usually 
niadr htiai^ht and the back sloped off; consequently it scrapes 
thr ja<k teeth with its extreme end only, and wears quickly. 
Ah tin jiailet is in reality a j)inion only with only one leaf, its 
duiabiiity is increased by curving the face similar to a pinion 
leiii rut in half. The end of the tail of the pallet should be 
lounded and finished ofl' smoothly at right angles to its face, 
it^> length such that it is well free of the pin in the rack when 
j.'atluiin^ the last tooth but one, and rests fairly on the pin 
wii( n the rack is up. If the tail of the pallet were left quite 
stiai}.dit, and the end filed off scjuare, there would be a danger 
of the latk beiuK held up by the pallet, particularly when the 
j>in in tiie rack is ])lante(l lower down than it should be, its 
jiTopei j)Ohition beiu}^ rather above the top of the teeth. The 
tail of the j»ailet is therefore curved to just throw the rack off. 
n anv ol the rack teeth are damaji^ed at the points, it maybe 
neee^^saJ^ to slij^litly to|) all the teeth and file them up again; 
only the barks, or curved sides of the teeth should be filed, finally 
takinj^ the hurr olf with the oilstcme slip. To make the depth 
correct a^ain, the rack arm is haniniered a little, to stretch it; 
rare must be taken to keep the teeth truly in circle, also to see 
that they are well free of the boss of the gathering pallet — not 
only when it is in jiosition resting on the rack pin, but also when 
it has moved into the position that it would be in when the 
clock has warned, if the boss of the pallet is not perfectly con- 
centric, it may be just foul of the rack teeth in this position, 
although free when tried with the pallet resting on the stop pin. 

Run. — Clocks are occasionally met with in which the hammer 
begins to lift as the clock warns, with a lot of uselCvSS run a/ief 
the hammer has fallen. This is just the reverse of what should 
be the case, as the more run /ufon' the hammer begins to lift, 
the less ])robability there will be of the clock failing to strike 
when the oil gets thick. 
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LBAck TaiL — A frequent source of trouble in some old cloefei ' 
Kthe spring tail to the rack ; it is intended to allow the liands 
" set forward without allowing the clock to strike. If the 
Ming is weak and the rack spring strong, it sometimes gives 
Bittle and allows the rack to fall lower than it should, conse- 
^ntly a wrong hour is struck ; an excess of end-shake to the 
hir-whee! will also cause this fault, if the snail is mounted 
I the hour-wheel pipe. This is, of course, easily corrected by 
"flicker collect in front of the minute hand. 
Kfendnliim Suspension Spring.— This in ordinarj- clocks gets but 
^!e attention. The best material is straight lengths of steel, 
9 be obtained from the mainspring maker, of various thick- 
nesses. The chops at the top of the spring are usually made 
either by folding a piece of brass over to form both sides, or by 
cutting a slit in a piece of brass of suitable thickness, and 
closing the slit down with the hammer upon the spring until 
it fits it. A much better plan is to make the chops of two 
pieces of brass, and rivet them together ; the bottom edges 
should be slightly rounded off to prevent any chance of the 
spring breaking at that point, as it sometimes does if the edges 
are left sharp. Most suspension springs err in being too thick, 
but it is not always advisable to substitute a much thinner 
spring. especially shouldtherebebutlittle room forthe pendulum 
to vibrate in, as the arc may be .so much increased as to cause the 
pendulum to strike the sides of the case, rendering it necessary to 
substitute a lighter weight or a weaker mainspring. The slit in 
the top of the pendulum is also generally cut with a thin saw, and 
then closed in ; but there is uo certainty of keeping it straight this 
way, and it is better to file a true slot and fit a slip of brass to fill 
it up to the proper size, thuskeeping the spring true with the rod. 
Hain Springs. — In .selecting a new mainspring it is often not 
safe to accept the thickness of the old one as a guide. English 
mainsprings now are made more elastic and of a better surface 
than formerly ; and with a pin pallet escapement having but 
little recoil, a stronger main spring may cause the pins to 
bottom in the escape wheel, or if there is but little room in the 
case the pendulum may strike the sides. This latter difficult^' 
is also likely to arise with a half-dead escapement. If the old 
spring is not broken, an adjusting rod may be put on the 
Irarrel -square and the weight set to balance the spring when it 
i-s wound two or three turns. The strength of the new spring 
can then be compared before putting the clock together. 

When a spring of proper length is broken close to the eye it 

viHIl be sufficient to soften the inner end, punch a fresh hole 

for the hook, and carefully bend round another eye. 

Cheap Clocks. — American and other cheap clocks that will 

Hpt pay for taking down often have the balance or pcnduLuuv 
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removed, and are then wound up and immersed in a paraffin 
bath, to run down. I do not recommend this plan, but merely 

state the fact that it is practised. 

Clock Watch. — \Monhe a j^ande sannerie. — Die Selbst- 
schlafreuhrJ] — A watch that strikes the hours in passing, as 
distinp;uished from a repeater which strikes the hours at any 
time on putting special mechanism in motion. 

Club Tooth. — {^Dait a talon. — Der KolbetizaknJ] — ^The form 
of tooth mostly used for lever escape wheels of foreign watches 
and which has part of the impulse angle on the tooth. (See 
Lever Kscapement). 

Cock. — \Coq,— Kloben,'\ — A bracket other than a hang-down 
bracket. The balance cock of a watch is the bracket which 
supports the upper end of the balance staff. Escape cock is 
the bracket that supports the upper end of the escape wheel 
and pallet staff arbors. In clocks, the pendulum cock is the 
bracket supporting the pendulum. 

Cole, James Ferguson (born 1799; died 1880), an able 
watchmaker and expert springer. He devoted much attention 
to the lever escapement, of which he devised several forms, and 
was for some time a Vice-President of the Horological Institute. 

Collet. — \ Collet, — Der Putzen,'] — Part of a cylindrical piece of 
mctalwhichis of superior diametertotherest. AcoUar; aflange. 

(2) A small piece of metal fitting friction -tight to the balance 
staff of a watch or chronometer, and which is pierced to receive 
the inner or lower end of the balance spring. Sometimes the 
collet is slit from the outside to the hole, to give it a better 
grip on the balance staff. 

(3) The underside of a brilliant. 

(4) That part of a ring in which the stone is set. 

Macartney's Collet Adjuster. — For twisting a balance spring 
collet to position, the special tweezers shown in the sketch are 
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admirable. One jaw is concave, and the other in the form of 
a knife edge. 

Plose's Collet Lifter.— This is an excellent form of pliers for 
raising a balance spring collet. The jaws are curved and have 
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knife edges The leveiaj^e is iniicli more even and effectual than " 
.with the old stj'le 
by one-sided wedg- 
intf. There is a set 
fig x f - ^ — irnrTTT—^ screw to prevent 

w3 *S. J ■ "^ the edges closing 

too far and so in- 
juring the staff. 

For pressing a 
collet home, a table 
with holes or slits 
KVlJiJ^ ■.;-^--''-^==:fc, such as depicted 
*■— ^^^ under the head of 

"Stud Remover ■■ will be found useful. 

Compensation Bala.nce.—lBa/anner compens^. — Die Com- 
pcnsalionsiairu/u:'] — A watch or chronometer balance in which 
the centre of gyration is caused to approach or recede from 
the centre of motion in different temperatures, so as to com- 
pensate for the effect of such variation not only on the balance 
itself, but upon the balance spring. 

Berthoud, in 1773, tabulated the effect of temperature upon 
one of his marine watches. He reckoned that in passing from 
32"^ to 92° (Falir.) it lost per diem by^ 

^ Expansion of the Balance (a ntcs, ^H 

The loss of Spriiig'.s Elastic Force 3J2 ,, ^| 

EIoiigHtiou of the Spring 19 „ ^H 

393 or 6m. 33s. * 
Doubtless Berthoud's observation was correct as far as the total 
amount of the temperature error goes, but there appears to be 
no warrant for assuming that a part of the loss was due to 
elongation of the spring. The thickness and the width of the 
spring would be increased in precisely the .same proportion as 
the length, and as the .strength of a spring varies as the cube of 
its thickness, the spring would be absolutely stronger for a rise 
of temperature if the relative dimensions only were considered*. 
Sir G. B. Airy, by experiment in 1859, showed that a chro- 
nometerwith a plain uncompensated brass balance lost on its rate 
6-1 1 sees, in 24 hours for each degree of increase in temperature. 
Tocounteractthiseffectofchangeoftemperature.chronometers 
and fine watches are furnished with a balance which expands and 
contracts «nth heat and cold. The halves of the rim are free at 
one end and fixed at the other to the central arm, which is of 
steel. The inner part of the rim is of steel, and the outer part, 
■ It is curious thai Berthoud's statement should have been accepted 
without question hy all authorities anil writers till Mr. Wright, the able 
■ i^eoretical teaclicr at the Horclopcal Institute, jioiiited out its Fallacy in 

■■ ii 
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which is of brass twice the thickness of the inner, is melted on to 
the steel. As brass expands more than steel, the effects of an 
increase of temperature is that the brass in its struggle to expand 
bends the rim inwards, thus practically reducing the size of the 
balance. With a decrease of temperature the action is reversed. 
The action, which is very small at the fixed ends of the rim, 
increases towards the free ends, where it is greatest. In a marine 
chronometer there is one largeweight at about the middle of each 
half rim, which is shifted to or from the fixed end, according as 
the compensation is found on trial to be less or more than is 
desired. In pocket chronometers and watches a number of holes 
are drilled and tapped in the rim, and the compensation is varied 
by shifting screws with large heads from one hole to another, or 
by substituting a heavier or a lighter screw. In the marine 
balance there are two screws with heavy nuts on opposite sides 
of the rim, close to the central arm, for bringing the chronometer 
to time. These nuts are slit, as shown in the drawing, to clasp the 
screw spring-tight and so avoid blacklash. In watch balances 
there are four such screws placed at equal distances round the rim. 
These, of course, are not touched for temperature adjustment. 
Fig. I shows the Marine Chronometer Balance. A compen- 
sation watch balance is shown in Fig. 2. In all but the finest 
work the quarter mean-time screws are not fitted with nuts. 





Fig. I. Fig. 2. 

Marine Chronometer Balance. Compensation Balance for Watches. 

but made with heavy heads, and screwed into the balance from 
the outside like the compensation screws. It will be observed 
that the cuts in the rims of the balances are not radial. The 
object of cutting them at an angle, as shown, is that the free 
end of the rim may be stopped from bending unduly towards 
the centre when the balance is roughly handled. 

^re using a compensation balance it is the practice of 
ijusters to spin it close to the flame of a lamp, so as to 



subject it to a higher temperature than it is ever likelj'to meet 
with in use. Mr. Arthur Webb raises the temperature till the 
ends of the rim butt at the notch. The balance is then placed 
on a cold plate, and afterwards tested for poise. If necessary 
the balance is trued, and the operation repeated till the balance 
after heating is found to be in poise, or is rejected. Mr. Walsh 
tells me that to get a low temperature after heating he immerses 
the balance in ether. Mr. Arthur Webb suggests that compen- 
sation balances would be more certain and permanent in their 
action if they were hardened and tempered after the brass is 
melted on to the steel. It appears probable that uncertainty of 
action may sometimes be traced to careless hammering of the 
brass.which is better compressed by rolling than by hammering. 

Sir G. B. Air;- has demonstrated that the loss in heat from 
the weakening of the balance spring is uniformly in proportion 
to the increase of temperature. But the compensation balance 
fails to meet the temperature error exactly ; the rims expand a 
little too much with decrease of temperature, and with increase 
of temperature the contraction of the rims is insufficient; con- 
sequently a watch or chronometer can be correctly adjusted 
for temperature at two points only. A marine chronometer is 
usually adjusted at 45° and 90°, unless special adjustment is 
ordered to suit particularly hot or cold climates ; pocket watches 
at about 50° and 85°. In this range there would be what is called 
a middle temperature error of about a sees, in 24 hours with a. 
steel balance spring. The amount of the middle temperature 
error cannot be absolutely predicated, for in low temperatures 
when the balance is larger in diameter, the arc of vibration is less 
than in high temperatures when the balance is smaller, and con- 
sequently its time of vibration is affected by the isochrouism, or 
otherwise, of the balance spring. And advantage is sometimes 
taken of this circumstance to lessen themiddle temperature error 
by leaving the piece fast in the short arcs. To avoid middle tem- 
perature error in marine chronometers, various forms of com- 
pensation balances have been devised, and numberless addi- 
tions or auxiliaries have been attached to the ordinar\' form of 
balance for the same purpose. (See Auxiliary and Middle 
Temperature Error). 

Compeneation Adjustment, — A hot and a cold chamber are 
required for the temperature adjustment. The "oven" is a box 
madeof sheet copper or zinc, generally with a water jacket to the 
bottom, the extenor of which is heated by means of a gas jet. 
There is sometimes an automatic gas governor for keeping the 
temperature uniform. (See Oven). The oven is furnished with a 
glass door, and, of course, a thermometer. The "ice-box" (which 
. may often be dispensed with in winter) is also a metal chamber, 
^^Lffith a receptacle for iceroundthesides, and jatk.eX^^B.WoNtfwtf' 
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a non-conductor. The adjustment tor- \&£tfBperature is made 
after observations of the alteration of rate in the two extremes 
at which it is decided to expose the piece. A short exposure 
to the temperature, or a single observation, cannot be taken as a 
reliable indication of the eftect, for the unnatural connection of 
the metals composing the rim of the balance requires time to settle. 

The usual course is to place the piece to be tested, after its 
rate has been carefully noted, into the oven. After twenty-four 
hours, the rate is again noted. Say it has gained on its rate 8 
seconds. It is then removed to the ice-box, and subjected to the 
other extreme of temperature for 24 hours. At the end of that 
period a comparison shows that it has lost on its rate 7 seconds. 
Although the alteration in the two extremes is not equal, there 
is sufficient evidence that the balance is over-compensated. In 
the oven, the rims bending too far inwards reduced the eflfective 
diameter of the balance too much, and caused a consequent gain. 
In the ice-box the rims expanded too much, and as a consequence 
the piece went slower. If it is a marine chronometer under trial, 
the weights have to be shifted a little towards the fixed ends of 
the rim. They must be shifted equally, or the balance will be 
thrown out of poise, and it is well to see that the slots in the 
weights are easy and do not grip the rim. If a watch is being 
tested, two opposite screws must be shifted towards the fixed 
end, care being taken not to screw them too tight to the rim. 

The piece is then again subjected to the extremes of tempera- 
ture, and as the compensation adjustment gets closer the piece is 
taken from the ice-box and placed a second time in the oven for 
verification before the alteration is made. As the trial proceeds 
the piece is allowed to remain more than 24 hours in each ex- 
treme, oftentimes a week. When the compensation is perfect, 
the balance is poised, the piece (if it is a watch) is adjusted for 
positions and finally brought to time. (See Balance Spring). 

Compensated Pendulum. — {Pmdule compens^. — Da$ 
Compensationspe7ideL~\ — A pendulum constructed so that the 
distance between the point of suspension and the centre of 
oscillation remains constant during variations of temperature. 
(See Pendulum). 

Compensation CwTh.—l^Compensateur, — Der Compensa- 

iionsboge7i,'\ — A laminated bar composed of brass and steel, fixed 
at one end and free at the other ; the free end carries the curb 
pins that regulate the acting length of a watch or chronometer 
balance spring. The compensation curb was invented by 
Harrison, but though often modified and re-invented, it is never 
used now. In Geneva watches only one curb pin is affected by 
the compensating laminae, and this pin is caused to approach 
and recede from the other, thus varying the play of the spring 
between the pins. 
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Conical Pendulum. — {^Pendulc coHiquc — Da koniscke 
Pmdc/.'\ — A penduluiii whose bob moves in a circle. Couical 
pendulums are not much used except for equatorial clocks or 
other purposes where continuous motion is desired. One revo- 
lution of a conical pendulum is performed in the same time 
that a vibrating pendulum whose length is equal to the vertical 
height of a conical pendulum, makes two vibrations. If extra 
impulse is given to a conical pendulum, the circle described is 
enlarged, the vertical height lessened, and the time of its revo- 
lution decreased. There is generally a spade attached to and 
revolving with the pendulum bob, so arranged that as the circle 
of the pendulum is enlarged the spade dips deeper into a vessel 
containing glyceriue or some other resisting medium, and by 
thus offering increased opposition to the progress of the pen- 
dulum, brings it back to its normal position. 

Conical Pivot. — [^Pivot coniqve. — Det koniscke Zap/en?^ — 
The form of pivot used in English watches when the holes 
have end stones. The name does not correctly express the 
shape of the pivot itself, which should be straight; it is only 
the shoulder that can be at all conical. (See Polishing). 

Consular Case. — Usually understood to be the ordinary 
double-bottom watch case when fitted with a high-rounded 
glass. The original consular cases were single-bottomed and 
applied to watches wound through a hole in the dial. They 
took the place of the old pair cases and were so named in 
honour of Napoleon Bonaparte, at that time Consul of France. 
Contrate "Wheel. — \_Roiie de champ. — Das A'/Bw/arf.]— The 
fourth wheel in a watch having a verge escapement. A form 
of wheel used to transmit motion from an arbor to another 
which .stands at right angles to the first. In a contrate wheel 
the teeth, instead of sticking out from the periphery, staind up 
at right angles to the plane of the wheel. 

Conversion. — {Conversion. — UmarbeiiU7ig.'\ — A converted 
watch is one in which an escapement of a different kind has been 
substituted for the original one. A great number of verge watches 
have lever escapements fitted to them. Duplex, and occasion- 
ally chronometer escapements, are also discarded for levers. 
The operationofconverting is spoken ofas making a conversion. 
Manj- conversions have the fourth wheel too large with cor- 
respondingly coarse teeth, the escape pinion being in some cases 
larger than the third. A fourth wheel about three-fourths the 
size of the old contrate wheel will generally be right. Pallets 
of 6-size to a lo, 12, or 14-si/ed movement will do. Balance a 
little under half the diameter of top -plate, if the old verge balance 
is not used. The old jewel holes should not be used even if 
sound, as they are mostly too large, a hindrance to a good 
^xibration. A new bar to carry the escapement is a cVe,a.i\« ^cfa 
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than using the old potance. This may be either screwed to 
the top plate, in which case the pallets and wheel can be put 
together first, or to the pillar plate near the barrel and the 
fourth arbor. The third arbor is cut off near the pinion face 
and a pivot formed. When the pinion leaves are very long' 
they must be turned back and refaced, or there may be too 
little freedom for the pallets and wheel. 

Suitable numbers for the fourth wheel and escape pinion can' 
be selected from the Table of Lever Trains in "Train "if the 
verge has a seconds train, that is, if the contrate wheel rotates 
once in a minute. For non-seconds train the following rule 
may be observed : — 

Crown Wheel of 15. — When the verge has a crown wheel of 
15 teeth and an escape pinion of either 7 or 8, use a pinion of 
the same number and a fourth wheel with the same number of 
teeth as the contrate wheel. 

If the escape pinion of verge has 6 leaves use a pinion of 7 
and add a sixth to the number of contrate wheel for fourth- 
wheel teeth. For instance, contrate wheel 54 and pinion of 6; 
use pinion of 7 and fourth wheel 63. 

Crown Wheel of 13. — When the verge has an escape pinion of 
6, use an escape pinion of 7 and the number of contrate wheel 
teeth for fourth wheel. (The effect will be to take a ninetieth 
part from the original number of vibrations, which in a train 
not exceeding 18,000 will never be more than 198). 

When the verge has an escape pinion of 7, use an escape 
pinion of 8 and the number of contrate wheel teeth for fourth 
wheel. (This will add a one-hundredth part to the original 
number of vibrations). 

Crown Wheel of 11. — When the verge has an escape pinion of 
6, use an escape pinion of 8 and one less than the number of 
contrate wheel teeth for fourth wheel. 

When the verge has an escape pinion of 7, use a pinion of 8 and 
a fourth wheel with one-sixth less teeth than the contrate wheel. 

Crown Wheel of 9. — The few verge trains with crown wheel 
of nine have escape pinions of 6. In converting use an escape 
pinion of 8 and a fourth wheel with one-fifth less teeth than 
the contrate wheel. 

Full directions for applying the balance spring are given 
under the head of ** Balance Spring," but before selecting the 
spring it is necessary to ascertain the number of vibrations. 

Multiply together 30 and the numbers of centre, third, and 
fourth wheels. 

Also multiply together the numbers of third, fourth, and 
escape pinions. 

Divide the first product by the second, and the result will be 
the number of vibrations per hour. 
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For example : Take a watch with centre wheel 80, third 72, 
fourth 50, and pinions of 8. Here 30x80x72x50=8640000, 
and 8x8x8=512. Then 8640000-^512=16875, the number of 
vibrations per hour. The number of vibrations per minute 
can, of course, be obtained by dividing this number by 60. 

It is also useful in bringing the watch to time to know the 
number of seconds in which the fourth wheel rotates. 

Multiply together 3600 and the numbers of third and fourth 
pinions. 

Also multiplj- together the numbers of centre and third wheels. 

Di\-ide the first product by the second, and the result will be 
the time of one rotation of fourth wheel in seconds. 

Taking the preceding example: — 3600x8x8=230400, and 
80x72=5760. Then 230400-^5760=40 sees. 

The above rules render the calculation of conversions so 
simple that Tables of Trains appear unnecessary ; but for the 
few who still desire them they are given at the end of the book, 

Coomb.^ — \_IJmoii depieire noire. Dei Wassersteinsckmutzr\ 
— The paste obtained by rubbing together two pieces of blue- 
stone with oil. It is used for polishing brass. (See Polishing). 

Copper. — {Cuivre. — Das Kiip/er.'] 

Corn ToiigB.—\_B)^ce//es pour joy aitx. — Die Komzange^ — 
Tweezers with the gripping points formed to resemble the shellof 
a barleycorn. Theyareusedbyjewellersforpickingupstones,&c- 

Cremaillere. — [^Cte'maillire.—Cremaillete.'] — The winding 
rack of a repeating watch. 

Crescent, Pasaing Hollow. — [Passage de/ourekette. — Det 
Halbmond^ — The hollow formed in the roller of a lever escape- 
ment to permit of the passing of the safety pin. 

Crocus.— (See Red Stuff.) 

Crossed Out Wheel, Pierced "WTieeL— [jPow croise'e.— 
Schctikelrad.'] — A wheel with arms. The radius of a circle divides 
the circumference into six equal parts, and the marks so placed 
would denote the position of the arms for wheels with six arms. 
For wheels with three anus every other mark may be taken. 

Crown Wheel, — Roue de recontre. — Das Gangrad einer Spin- 
de/uAr.~\—The escape wheel of the verge escapement. 

Crutch. — [Fourc/ieUc dc pendide.^Die Peiidelgabel.'] — A wire 
fixed to the pallet staff arbor of a clock. The free end of it 
communicates impulse to the pendulum. It either passes into a 
longi tudinal slit in thependulum rod, oris formedin to two fingers 
to embrace it. The pendulum rod is sometimes fitted with a flat 
piece of brass to work in the crutch. Should this be very closely 
fitted and the pendulum spring a little twisted, the clock will 
stop, a fault occasionally overlooked. Where the crutch is in 
contact mlh the pendulum rod it should be VEii.\ sWG'ati.x d'^^i, 
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Crystal Case. — [^Boite a glace plate, — Uhf mil flachcm 
Glassc ] — A watch case constructed for a flat glass. The bezel 
not jointed gives the best fit The bevel of the glass should 
not be carried too far into the centre, or the figures become 
indistinct ; nor should the flange of the bezel be too narrow, 
or it may help to cause the same fault. 

Ciinuniiig, Alexander (bom at Edinburgh, about 1732, 
died at Pentonville, 18 14), author of an excellent treatise on 
clock work, which was published in 1766. He kept a shop in 
Fleet Street, which after his death was occupied by his nephew, 
John Grant. Among the fine and curious clocks at Bucking- 
ham Palace is one Gumming made for George III., which 
registers the height of the barometer every day throughout the 
year. He had ;^20oo for the clock, and ;^200 a year for looking 
after it. 

Curb Pins. — yOoupilles de raquette, — Die Ruckersti/te.y- 
Two small pins embracing the balance spring of a watch near 
its attachment to the stud. The time of vibration of the balance 
is altered according as these pins are shifted by means of thie 
index to or from the point of attachment of the spring. If they 
are moved towards the attachment, the amount of spring prac- 
tically in use is lengthened, and the watch loses ; if shiftcKi the 
other way, the contrary effect is produced. 

Cycloid. — [^Cycloide. — Die CycloideJ] — A curve generated by 
a point in the circumference of a circle rolling along a straight 
line. The correct path for a pendulum to secure uniformity in 
the time of its vibration through arcs of different extent. 

Cycloid al Cheeks. — \^Guides cycloidaux, — Cycloidischt 
Backcn.'] — Pieces of metal placed on each side of a pendulum 
suspension cord or spring to lead the pendulum through a 
cycloid. Not used now. (See Huyghens). 

Cylinder Escapement, Horizontal Escapement.— 

\^Kchappc}}ient a cylindre, — Die Cy Under he7ninung.~\ — (Patented 
by Tompion in 1695 and subsequently perfected by Graham). 
The balance with this escapement is mounted on a hollow 
cylinder large enough in the bore to admit a tooth of the escape 
wheel. Nearly one-half of the cylinder is cut away where the 
teeth enter, and impulse is given to the balance by the teeth, 
which are wedge-shaped, rubbing against the edge of tiie 
cylinder as they enter and leave. The teeth of the Verge 
Escapement lie in a vertical plane in the plan of a watch, and 
the term horizontal, therefore, fairly distinguished the Cylinder 
Escapement when it was introduced, but now that all the 
escapements in general use answer to the title, "Cylinder 
Escapement " appears to be the more suitable definition. 

The Cylinder is essentially a frictional as distinguished from 
a detached escapement. It performs fairly well, and is just 
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suited for the lower grades of watches. The vibrations of the 
balance are not so much affected by inequality in the force 
transmitted and other faults if the escapement is a frictional one, 
and the work comparatively coarse, as when a highly detached 
escapement and ver\' fine pivots are used. It is certainly 
remarkable that English watchmakers should have been so 
bafBed by a constructional difficulty as to throw aside the 
cylinder escapement. Mudge and other eminent English 
makers used hard brass for the escape wheel, and, occasionally, 
ruby for the cylinder, but without overcoming the tendency to 
cutting and excessive wear of the acting surfaces. It remained 
for the Swiss to bring the problem to a successful issue by 
making both wheel and cylinder of steel, and hardening tliem. 
The production of the cylinder escapement is now monopolized 
by the S^viss and the French, who, with the aid of machinery, 
manufacture the escape wheels and cyhnders for an almost 
incredibly low price. 

Action of the Escapement. — Fig. i is a plan of the cylinder 
escapement, in which the point of a tooth of the escape wheel 
is pressing against the outside of the shell of the cylinder. As 
the cylinder, on which the balance is mounted, moves round 
iu the direction of the arrow, the wedge-shaped tooth of the 
escape wheel pushes into the cylinder, thereby giving it impulse. 
The tooth cannot escape at the other side of the cylinder, for 
the shell of the cylinder at this point is rather more than half 
a circle ; but its point rests against the inner side of the shell 
till the balance completes its vibration and returns, when the 
tooth which was inside the cylinder escapes, and the point of the 
succeeding tooth is caught on the outside of the shell. The 
teeth rise on stalks from the body of the escape wheel, and the 
cylinder is cut away just below the acting part of the exit side, 
leaving only one-fourth of a circle in order to allow as much 
vibration as possible. Thiswill be seen very plainly on examining 
Fig. 2, which is an elevation of the cylinder to an enlarged scale. 

Proportioii of the Eaeapement. — The escape wheel has fifteen 
teeth formed to give impulse to the cylinder during from 20" 1040° 
of its vibration each waj*. Lower angles are as a rule used with 
large than with small-sized watches, but to secure the best result 
either extreme must he avoided. In an escapement with very 
slight inclines to the wheel teeth, thefirstpartof the tooth does no 
work.as the toothdropson to the lip of the cylinder .some distance 
up the plane. On the other hand, a very steep tooth is almost 
sure to set in action as the oil thickens. The diameter of the 
cylinder, its thickness, and the length of the wheel teeth a 
co-related. The size of the cylinder with relation to the wheel 
also varies somewhat with the angle oE iropuVse. a.'j^vj \a.'gp.^ 
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Cyundkr Escapement. 




Fig. T. Plan. 

a. Escape Wheel. 

b. Cylinder. 

c. Entering Lip of Cylinder. 

d. Exit Lip of Cylinder. 

e. Passage for Escape Wheel. 
/ Tooth removed, showing the 

Stalk on which Teeth are sup- 
ported. 

g. Collet for Balance. 




r- 2. Elevation of Cylinder and I Fig. 3. Plan of Cylinder and One 
e Tooth of Escape Wheel therein \ 1loo\.\v ol^^^ia.'^^ Wheel therein. 
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.ngle requiring a slightly larger cylinder than a low one. If a 
cylinder of average thick- 
, ness is desired for an escape- 
; ment with medium impulse, 
■' its external diameter may be 
made equal to the extreme 
diameter of the escape 
wheel X'ii5- 

Theu to set out the es- 
capement, if a lift of say 30° 
be decided on, a circle on 
which the points of the teeth 
will fall is drawn within one 
representing the extreme 
diameter of the escape wheel 
at a distance from it equal to 
30° of the circumference of 
the cyliuder. Midway be- 
tween these two circles the 
cylinder is planted. (See 
Fig. 4), If the point of one 
tooth is shown resting on 
the cylinder, a space of half a 
degree should be allowed for 
freedom between the oppo- 
site side of the cylinder and 
the heel of the next tooth. 
From the heel of one tooth 
to the heel of the next;=24° 
of the circumference ot the 
wheel ('^—24'), and from the point of one tooth to the point 
of the next also^24°, so that the teeth may now be drawn. 
They are extended within the innermost dotted circle to give 
them a little extra substance, and their tips are rounded a little, 
lea\-ing the points of the impulse planes the most advanced. 
The backs of the teeth diverge from a radial line from 12° to 
30°, to give the cylinder clearance ; a high-angled tooth re- 
quiring to be cut back more than a low one. A curve whose 
radius is about two-thirds that of the wheel is suitable for 
rounding the impulse planes of the teeth. The internal diameter 
of the cylinder should be such as to allow a little freedom for 
the tooth. The acting part of the shell of the cylinder should 
be a trifle less than seven -twelfths of a whole circle, with the 
entering and exit lips rounded as shown in the enlarged plan. 
Fig. 3, the former both ways, and the latter from the inside 
only. This rounding of the lips of the cyliuder adds a little to 
the impulse beyond what would be giveu by the au^le ow *Oc\'t 
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wheel teeth alone. The diameter of the escape wheel is usually 
half that of the balance, rather under than over. 

Examination of the Esojapement. — See that cylinder and wheel 
arc perfectly upright. Remove the balance spring, and put the 
cylinder and cock in their places. Then with a little x>ower on, 
and a wedge of cork under the balance to check its motion, trj^f 
all the escape wheel teeth have sufficient drop, both inside and out 
If, with the cylinder planted the correct depth, there is suflfi- 
cient drop inside the cylinder and none without, the cylinder is 
too larj^^e ; if the reverse fault is apparent the cylinder is too 
small. If some of the teeth only are without necessary free- 
dom, make a hole in thin sheet brass of such a size that one of 
the teeth tliat has proper shake will just enter. Use this as 
a gauj;j;e to shorten the full teeth by. For this purpose use 
either steel and oilstone dust or a sapphire file, polish well 
with bell- metal and red stuff, and finish with a burnisher. Be 
careful to operate on the noses of the teeth only, and round them 
both ways so that a mere point is in contact with the cylinder. If 
the inside drop is right, and there is no outside drop with any of 
the teeth, the cylinder may be changed for one a little smaller or 
for one of the same inside diameter but thinner. Or the wheel 
may be changed for one a little larger, but in this case be sure 
the larger wheel will clear the fourth pinion. And with insuffi- 
cient drop inside changing the wheel for one a little smaller will 
often ])e more expeditious than removing the cylinder. 

If the teeth of the escape wheel are too high or too low in pass- 
ing the opening of the cylinder, the wheel should be placed on a 
cylinder of soft brass or zinc small enough to go inside the teeth, 
with a hole through it and with a slightly concave face. A hollow 
punch is placed over the middle of the wheel while it is resting 
on the concave face of the brass or zinc cylinder, and one or two 
light taps with a hammer will bend the wheel sufficiently. In 
fact, care must be taken not to overdo it. It rarely happens that 
the wheel is free neither of the top nor bottom plug, but should 
this be the case, sufficient clearance maybe obtained by deepen- 
ing the opening with a steel polisher and oilstone dust or with a 
sapphire file. A cylinder with too high an opening is bad, for 
the oil is drawn away from the teeth by the escape wheel. 

If a cylinder pivot is bent, it may very readily be straightened 
if a boiichon of a proper size is placed over it to get a leverage. 

When the balance spring is at rest, the balance should have to 
be moved an equal amount each way before a tooth escapes. By 
gently pressing against the fourth wheel with a peg this maybe 
tried. There is a dot on the balance and three dots on the plate 
to assist in estimating the amount of lift. When the balance 
spring is at rest, the dot on the balance should be opposite to the 
ceiitre dot on the plate. The escapement will then be in beat, 
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^t is, provnded the dots are properly placed, which should be - 
■ i. Turn the balance from its point of rest til! a tooth just 
i, and note the position of the dot on the balance with refer- 
to one of the outer dots on the plate. Turn the balance in 
b opposite direction till a tooth drops again, and if the dot on 
g balance is then in the same position with reference to the 
per outer dot, the escapement will be in beat. The two outer 
Ts should mark the extent of the lifting, and the dot on the 
tancewQuld theiibe coincident withthem as the teeth dropped 
[en tried this way : but the dots may be a little too wide or too' 
ise, and it will, therefore, be sufficient if the dot on the balance 
Hre the same relative position to them as just explained ; but 
Bt is found that the lift is unequal from the point of rest, the 
nance spring collet must be shifted in the direction of the 
list lift till the lift is equal. A new mark should then be made 
a the balance opposite to the central dot on the plate. 
Wlien the balance is at rest, the banking pin in the balance 
should be opposite to the banking stud in the cock, so as to give 
equalvibrationon both sides. This is important for the following 
reason. Thebankingpinallowsnearlyaturnof vibration, andthe . 
shell of the cylinder is but little over half a turu, so that as the 
outside of the shell gets round towards the centre of the escape 
wheel, when a tooth is at rest outside of the cylinder, the point 
of a tooth may escape over the exit lip and jamb the cylinder 
unless the vibration is pretty equally divided. When the 
banking is properly adjusted, and a tooth is at rest inside the 
cylinder, bring the balance round till the banking pin is 
against the stud; there should then be perceptible shake 
between the cylinder and the plane of the escape wheel. 
If there is no shake the wheel may be freed by taking a little 
oflf the edge of the passage of the cylinder where it fouls 
the wheel, fay means of a sapphire file, or a larger banking 
pin may be substituted at the judgment of the operator. See that 
the banking pin and stud are perfectly dry and clean before 
leaving them : a sticky banking often stops a watch Cylinder 
watches and timepieces after going for a few months sometimes 
increase their vibrationso much as to persistently bank. To meet 
this fault a weaker mainspring may be used, or a larger balance, 
or a wheel with a smaller angle of impulse. By far the quickest 
and best way is to very slightly top the wheel by holding a piece 
of Arkansas stone against the teeth, afterwards polishmg with 
boxwood and red stuff. So little taken off the wheel in this way 
3& to be hardly perceptible will have great effect. 

Broaching Cylinder Escape Wheels.— A holder like the sketch 

is useful for grippingcylinder escape wheels while they arebeing 

broached. Thefaceoftbelanterniscrossedout toadmitthearms 

^L^ the wheel. There are four pillars, and there is a ^vQ^eelvo"Q.a,\. 

^ k 
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the end of each pillar, very much like the tooth of a cylinder escape 
wheel, so as to form what is called a bayonet joint. The arms of 






the wheel enter the cruciform slits ; the wheel is turned as far as 
the pillars will allow, and then when the screw is tightened, the 
wheel is gripped between the screw and the projections. Before 
the hole is broached a bit of wire should be inserted in the hole, 
and a flame directed on the other end of the wire. Sufficient heat 
will pass along the wire to lower the temper of the hole. 

Banning in a Cylinder. — Many different methods of procedure 
are adopted for running in a cylinder. The following, recom- 
mended by Mr. Schoof, is, from his experience, worthy of con- 
sideration . Remove balance cock and chariot, and screw a 
brass plate of this shape, in place of the latter, so that one 
of the holes is in the position of bottom jewel. Select a 
suitable cylinder, and put it in the frame with the arbor | 

f going through the hole, in the piece of brass 
upon which the body of cylinder rests, l^et the tooth of 
escape wheel pass into the cylinder, which turn round 
till the plane of wheel is in the passage. If the cylinder 
is too high, turn away the bottom of the body. - Mark 
exact height for balance just above the bar of [escape 

wheel. Reduce the lower arbor of 
cylinder to the thickness of the 
chariot. Screw chariot and cock to 
their places, take whole length 
with a pinion gauge or other mea- 
surer, and make the cylinder to it 
by shortening the upper arbor. To 
give strength to the cylinder fill 
it with shellac, when the proper 
-height for wheel teeth has been 
Fig. 7 taken. 

A useful tool, by M. Marchesi, used for getting the distance 
between the lower end stone and the passage when replacing a 
broken cylinder, is shown in Fig. 7. The larger view to the 
right hand is sufficiently explanatory of its application. (See 
also '' Cylinder Height Tool.'*) 

New Cylinder Plug. — A slight recess to just admit the cylinder 
should be turned in a brass stake that has a hole through it large 
enough for the plug to pass, and a tap on a knee punch, shaped 
as shown, should remove the old plug. But if the plug is tigh^, 
the body of the shell may be stretched slightly, by laying it on 
a hollowed stake and giving a few taps round its circumference 
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with a hammer. The i.ew plug may be gauged with a Micro- 
meter or Kegisterin^J Callipers." It should be perfectly parallel. 

fli ■ ,'i ■ • — ) If taper, it is almost .sure to split 

~ the shell. The pivot is roughed 

\r~ - ^ \ t 1 down before the plug is inserted 

in the shell. The shell is rested on a foot punch, like the second 
hi the sketch, while pressing the plug into its place. 

Cylinder Gauge, Jaoot Gauge. — [FiHlre pour cylindres — 
Das Cylindennaass.'] — A steel plate having two tapered slits. 
The full diameter of^a cylinder for a cylinder escapement having 
been noted in one .'ilit, the corresponding number in the other 
slit gives the size of the great opening, or the proper distance 
from the back to the lips, which should he .58 of the diameter. 

Cylinder Seight Tool. — \Ou(il pout hauteurs de cylindtes. 
— Das Cyiinderhohenmaass.'] — A gauge used for taking measure- 
ments when replacing a cylinder. 

Fig. I is the most usual pattern. It consists of a jaw fixed to 
a brass tube, and a similar jaw free to move up and down. 
The brass tube is slit to receive the extremity of the movable 
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jaw, which is fixed to a nut fitted into the tube The nut ter- '■ 
rainates in a long steel pivot small enough to enter a watch 
jewel hole. When the jaws are closed the pi\ot is just flush 
with the nose of the tool, consequenll> the distance it is pro- 
jected beyond the nose of the tool is exactly represented by 
the distance of the jaws apart. The screw with the milled 
head at the top is for opening and closing the gauge, and the 
set screw at the side is tor securing a measurement. 

Fig. z is a new and improved tool. It has a divided base for 
striding over a cylinder cock, and there is a pump centre at the 
bottom, which is kept ont by a spiral spring in the arbor, and 
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may be pushed back by the finger and secured in any position 
by a set screw at the side. To .take the extreme length of a 
cylinder with Fig. 2, the jaws are closed by means of the screw 
at the top, and the cylinder cock having been removed, the 
tool is rested on the watch plate, the pump centre released, and 
allowed to enter the bottom jewel hole and rest on the end 
stone. It is then secured by the set screw. Then the tool is 
taken away and by means of the top screw the jaws opened 
something wider than the length of the cylinder. The cylinder 
cock, with index and end stone removed is placed in position, 
the tool is again rested on the watch plate, and the top screw 
is placed in position, the tool is again rested on the watch 
plate, and the top screw turned till the point of the pump 
centre is just about to enter the top jewel hole. The distance 
between the jaws will then be the extreme length of cylinder 
required. This example will be sufficient to indicate the 
method of taking other heights. 

Cylinder Plugs. — {^Tampons de cylifidre. — Die Cylinder- 
pfropfc7i.'\ — Plugs fitting into the top and bottom of the cylinder 
of a cylinder escapement, at the extremities of which the pivots 
are formed. 

Dead Beat Escapement. — yEchappement a repos,—Die 
ruhc7idc Hcmvmnjs;?^ — An escapement in which the escape wheel 
does not recoil. Generally a dead beat escapement is understood 
to mean the Graham escapement used in regulators and fine 
clocks. 

The Dead Beat or ** Graham" Escapement. — (Invented by 

George Graham at the beginning of the eighteenth century). 
For regulators and other clocks with seconds pendulum this 
escapement, which is shown on page 106, is the one most gener- 
ally approved. The only defect inherent in its construction is 
that tlie thickening of the oil on the pallet will affect the rate 
of the clock after it lias been going some time. Notwithstanding 
this it has held its own against all other escapements, on account 
of its simplicity and certainty of action. The pallets of the 
Graham escapement were formerly made to embrace fifteen 
teeth of the wheel, and until recently ten, but now many es- 
capements are made as shown in the drawing, with the pallets 
embracing but eight. This reduces the length of the impulse 
plane and the length of run on the dead face for a given arc of 
vibration, and consequently the relative effect of the thicken- 
ing of the oil. The angle of impulse is kept small for the same 
reason. There is not much gained by making the pallets em- 
brace a less number of teeth than eight, for the shake in the 
pivot holes and inaccuracies of work cannot be reduced in the 
same ratio, and are therefore greater in proportion. This 
involves larger angles and more drop. It is purely a practical 
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question, and has been decided by the adoption of eight teeth 
as a good mean for regulators and fine clocks where the shakes 
are small. For large clocks of a rougher character, ten teeth 
is a good number for the pallets to embrace. 

To Set Out the Escapemeiit. — Draw a circle representing the 
escape wheel to any convenient size, and, assuming the wheel 
to have 30 teeth and the pallets are to embrace eight of them, 
set off on each side of a centre line, by means of a protractor, 
45°. Lines drawn from the centre of the escape wheel through 
these points will pass through the centre of impulse faces of 
the pallets ; thus, 360 (number of degrees in the whole circle) 
divided by 30 (proposed number of teeth)=i2, which is the 
number of degrees between one tooth and the next. Between 
8 teeth there are seven such spaces and 12x7=84, and 84+6 
(half of one space)=90, the number of degrees between the 
centres of the pallets. The proper position for the pallet staff 
centre will be indicated by the intersection of tangents to the 
wheel circle drawn from the centres of the pallets. But it 
happens that a tangent of 45°=the radius, and, therefore, the 
practical method adopted is to make the pallet arms from the 
staff hole to the centre of impulse face equal to the radius of 
the escape wheel. If we take the radius of wheel to be=i, it 
will be found that with the pallet arms this length, the height 
of the pallet staff hole from the centre of the wheel will be 
1*41, and the horizontal distance between the impulse faces of 
the pallets will be 1*41 also. 

The width of each pallet is equal to half the distance between 
one tooth and the next, less drop, which need not be much if the 
escape wheel teeth are made thin as they should be. The dead 
faces of the pallets are curves struck from the pallet staff hole. 
The escaping arc=two degrees, is divided into i^° of impulse 
and J° of rest. ii° of impulse is quite enough if the escape- 
ment is properly made, and if increased beyond 2°,- it will be 
at the cost of the timekeeping properties of the clock from the 
effect of the thickening of the oil already referred to. 

From the centre of the wheel set off two radial lines barely 
3° on each side of the radial lines already drawn to mark the 
centre of the pallets. Then strike the curved dead faces of the 
pallets just touching the radial lines last drawn. 

Now from the pallet centre draw lines through the spot where 
the curved locking face of each pallet cuts the wheel circle. If 
you look at the engraving you will see that a wheel tooth is 
resting on the left-hand pallet. The amount of this rest is i^°, 
as already stated. Mark off this ^°, which gives the position 
of the locking corner of the pallet, and then set off another 
line 1^° below it, which will mark the spot for the other corne^ 
of the pallet. On the right-hand pallet, the \\ia^ aXx^^^"^ ^x^ 
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marks the extreme comer, and it is only necessary, in order to 
get the locking corner, to set off a line ii° above it. 

The wheel teeth diverge from a radial line above lo", so that 
their tips only touch the dead faces of the pallets. 

For escaping over ten teeth, the distance between the centre 
of the wheel and the centre of the pallet staff should be equal 
to the diameter of the wheel ; with this exception the preceding 
directions are applicable for setting out. 

The wheel is of hard hammered brass, and for regulators is 
made from an inch and a half to two inches in diameter, and 
very light. The pallets are usually of steel, nicely fitted to the 
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arbor, and, in addition, screwed to a collet thereon as shown. 
In the best clocks the acting faces are jewelled. Sometimes the 
pallet arms are cast of brass, and the pallets formed of solid 
jewels. Many good clockmakers put two banking pins in the 
plate, one on each side of the crutch, to prevent the pallets 
from being jammed into the wheel by careless handling. 

The Graham escapenieutrequiresaheavypenduium especially 
if the train is comparatively rough. The clock weight must be 
sufficient toovercome increased resistancearisingfrom innaccur- 
acyof work; consequently, when thetrainnms freely, so much 
extra pressure is thrown upon the dead faces of the pallets that a 
light pendulum has not enough energy to unlock, and the 
clock stops. 

For clocks with .•shorter than half-seconds pendulums the 
pallets are generally made "half-dead," that is the rests, instead 
of being curves struck from the pallet staff hole, are formed 
so as to give a .'flight recoil to the wheel. 

Dead ^TaOOtlo..~[_Limc trh fine. — Fcile mil /cinstent Hieb.'] — 
The cut of the finest kind of file. 

Decimal FractionB-^[/'>uc//(7wj Decimales. — Decimal- 
bruehe.'\ — Fractions expressed by tenths. As I have used 
Decimal Fractions throughout this book, a few explanatory re- 
marks thereon may notbeunacceptableto the younger readers. 

Ciphers to the right hand of decimals cause no difference in 
their value, 'sor'soor ■sooisof thesamevalue. '5 represents ,*\,, 
■50 represents /-„"„, and '500 represents ,*;,''„'!,, and each of them is 
equal to i- But everj' cipher placed on the left haud of decimals 
diminishes their value tenfold; thus, -3, -03, and -003 represent 
respectively three-tenths, three-hundredths, and three-thou- 
sandths. 

In the addition of decimals, or whole numbers and decimals, 
the lines must be arranged so that the decimal points are all 
directly under one another. The addition will then be 
proceeded with as in whole numbers. 

In the suhstractiou of decimals, or decimals and whole 
numbers, arrange the lines as in addition. 

In the multiplication of decimals, ordecimals and whole num- 
bers, arrange the figures as with whole numbers and point off 
from right hand of the product as many decimals as there are in 
the multiplier and multiplicand together. If there are not 
enough figures in the product to do this, add the requisite 
numper of ciphers to the left hand of the product. 

Inthedivisionof decimals, or wholenumbers and decimals, the 
quotient must contain as many decimals as the dividend has more 
than the divisor. For instance, if there are two decimal figures 
in tlie divisor and three in the dividend, cut off one figure at the 
right hand of the quotient as a decimal. If there are not euoui ' 
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figures in the quotient to carry out this rule, add the requisite 
number of ciphers to the left hand of the quotient. 

To reduce a vulgar fraction to a decimal, add a cipher or 
ciphers to the numerator, and divide by the denominator ; the 
quotient will be the decimal required. 

Example. — Reduce ^ to a decimal. 

8)7 "000 

•875 the decimal required. 
When figures in the quotient repeat continually, they are called 
a repetend, and the last figure should be marked with a dash 
to distinguish it from a terminal decimal. Sometimes two, 
three, or more figures will repeat in regular order; such 
figures are termed a circulate, and may be indicated in the 
same manner as a repetend. 

Demi Hunter, Cut Hunter. — yOuichet — Halbsavo^mette'. 
— A watch case in which a glass of about half the diameter 
the hunting cover is let into it. 

Denison, E. B. (born in 1816). — In 1851 Mr. Denison, a 
barrister holding a good position at the parliamentary bar, was 
requested by the Government to draw up, in conjunction with 
the Astronomer- Royal, a specification for the construction of a 
large clock for the Victoria Tower of the Houses of Parliament, 
then in course of erection. Vulliamy and other leading clock- 
makers who were invited to tender for the work, all demurred to a 
stipulation that the clock should be guaranteed to perform within 
a margin of a minute a week, which they declared to be too small. 
Mr. Denison would not yield, and the clockmakers were equally 
firm. Eventually it was decided to entrust the work to Mr. 
Dent, who was to make a clock from designs to be furnished by 
Mr. Denison. Mr. Denison's temerity w^as justified by his success. 
The Westminster clock turned out to be the finest timekeeper of 
any public clock in the world . The Double Three-Legged Gravity 
Escapement was invented for it, besides a new maintaining 
power and a novel arrangement for letting off the hours to satisfy 
another of the conditions, which required the first blow of the 
hour to be given within a second of true time. Mr. Denison was 
elected President of the British Horological Institute in 1868, 
and succeeded his father as baronet, taking the title of Sir 
Edmund Beckett in 1874. In 1886 he was called to the House 
of Lords under the title of Baron Grimthorpe. 

Dennison, Aaron L. Born at Brunswick, Maine, U.S.A., 
1812, died at Birmingham, England, 1895 5 pioneer of American 
Watchmaking. 

Dent, E. J. (born 1790; died 1853). — He worked as a finish- 
er of repeating watches till 1830, when he joined J. R. Arnold in 
Dartnership at 84, Strand. During the ten years they were 
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together the bUvSiness was greatly extended, chiefly through the 
energy and ability of Dent, who, after the partnership expired, 
established himself at 6i, Strand. Mr. Dent accepted the stipu- 
lation laid down by Mr. Denison on behalf of the Government, 
that the Westminster Great Clock should be guaranteed to give 
exact time within a minute a week, and thus secured the 
contract for making it, on the understanding that it was to be 
designed by Mr. Denison. 

DeptMlIg Tool. — ^Compas aux engrenages. — Der Eingriffs- 
zirkeL\ — A tool in which a wheel and pinion can be arranged 
at their proper working depth, and the distance apart of their 
centres transferred to the plate in which the pivots of their 
arbors are to run. 

Accuracy of construction is absolutely essential in the depth- 
ing tool , and before venturing to use a new one it should be tested. 
The centres should be turned end for end and transposed, ascer- 
taining after each change if there is any deviation in a circle 
described by the points ; also if the points when they meet exact- 
ly coincide. If possible a comparison should be made with an 
approved tool by trying in both a large and also a small wheel 
and pinion. The adjusting screw had better be removed so as to 
see that the joint works smoothly and that the spring has perfect 
control over it. If the joint is stiff and appears to be dirty, the 
joint pin may be taken out and the joint thoroughly cleaned. 

A steel cone piece to slide on one centre, and a brass trumpet- 
piece to slide on the opposite one, are useful for unmounted 
wheels, &c. 

In use the depthing tool is held in the left hand, with the 
adjusting screw for opening and closing the tool pointing to the 
right. After making sure that the points on the ends of the 
pinion are true, it is carefully placed face uppermost in the centres 
on the left. The tool is opened sufficiently for the teeth of the 
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wheel to clear the teeth of the pinion, and the wheel is then put in. 
By means of the regulating screw the teeth of the wheel and 
pinion maybe brought into contact, taking the precaution to feel 
with a fingerof the right hand that they do not buttwhile coming 
together, or a broken pivot may be the result. When the teeth 
are in contact, both the sliding centres of either the wheel or 
pinion may be loosened and pushed up by the bottom centre or 
down by the top centre, as may be required, in order to get the 
faces of the teeth level so as better to observe the depth. The 
faces being level, and the bottom centre of the pinion tightened the 
top centre maybe loosened and pressed against the board until the 
pinion runs sufficiently friction-tight for the shake of the wheel 
teeth in it to be felt, and then secured with the nut. Now the tool 
is held up to the light, the wheel turned by the forefinger, and while 
looking through the wheel and pinion they are brought into depth 
by means of the adjusting screw. If the pinion has straight cut 
leaves the shoulder or beginning of the rounding of 
a wheel tooth should come into contact with the 
shoulder of a pinion leaf when the two make parallel 
lines as in Fig. 2; but if it is what movement-makers 
call a bay-leaf pinion, the pinion line will be angled a 
little towards the centre when the shoulders come 
into contact. It is important to see that the engaging 
contactis attheshoulders,for if it is on the roundings 
of the teeth a butting action ensues. The shake is 
then to be tried. It is not sufficient to see that there Fig. i. 
is freedom in one position of the wheel and pinion ; the pinion 
should be moved round by minute portions, so that it can be 
ascertained whether there is proper shake from the time of first 
contact till the leaf leaves the wheel. 

Butting is generally indicative of a pinion too large. If the 
excess is not very great, it may be got over by slightly increasing 
the depth ; but a large pinion is a bad fault, for with it far too 
much of the action is before the line of centres. Pinions of less 
than ten leaves may with advantage be rather under-sized, so as to 
bring the action more after the line of centres. A pinion must not 

however be so small that the wheel tooth 
drops from leaf to leaf, although if this 
fault is not of large extent, it may be 
corrected by altering the shape of the 
wheel teeth so that the rounding or 
shoulderis carried more towards the root 
^^S- 3- of the tooth without shortening the 

tooth. (See Fig. 3). The original shaped tooth is shown on the 
left, and the altered shape on the right. The running of an under- 
sized pinion will also be improved if the depth is made a trifle 
shallow. With a full-sized pinion and an engagement too deep,a 





correction may be made by widening the spaces of the wheel and 
so shortening the rounding of the teeth. (SeeRounding-upTooI). 

Being satisfied that the depth is correct, that there is proper 
shake and no butting, the depth may be marked off. For this 
purpose the binding tints are loosened, aud the wheel and pinion 
taken out of the tool. Then while one centre is kept tight, the 
tool is held upright with the tight centre in the hole from which 
the depth is to be marked, and the loose centre is brought down 
until it touches the plate. Some caution must be exercised, for 
with a jewelled hole it occasionally happens that a begi n ner cracks 
the jewel in getting the centres to height. Great judgmentand 
care are required to ensure theperfect uprightness of the tool, and 
if it is out in the slightest degree the depth will not be marked off 
as it was adjusted in the tool. The centres should be fixed, and as 
theyrest on the plate the tool observed critically all round ; if the 
smallest deviation from the upright can be detected, the tool 
should be re-set till it is correct. When it is right, a portion of a 
circle is lightly marked across the line where the wheel or pinion 
is to be planted. Watch plates are marked by holding the tool 
still and turning the plate. A drilling centre is then marked on 
the depth line with a pointed drill or chamfering tool. This 
operation requires considerable skill, asdoesalso the drilling off; 
for however carefully the depthing may have been done, the 
slightest deviation by the drill, either in centring or drilling,will 
turn a well-marked depth into a bad-action one. The drilling of 
the hole perfectly upnght, too, is essential for a correct depth. 
Sometimesa table tool is used to en sure straight holes, or they are 
drilled in the mandril, but a skilled workman will drill them in 
the ordinary way to a certainty. A beginner should certainly 
use the mandril. It is better after centring the plate and catch- 
ing a centre by means of a graver, to reverse the plate in the 
mandril and drill from the original mark on the other side, for, 
although the plate may be set true with the pump centre, it is 
liable to be drawn a little in fixing, and in a small watch ex- 
treme accuracy is desirable. Having drilled the bottom hole, 
a round broach should be pas.sed through it to remove all burr, 
and a long peg cut to fit the hole. The rest of the mandril is 
then brought up almost close to the plate so as to support the 
peg, and keep it from turning. Now, as the mandril is rotated, 
the slightest want of truth in the hole will be indicated by a 
movement of the free end of the peg, and the plate must be 
shifted till the free end of the peg has no motion whatever. 
Then the upper plate can be fixed, and the top hole drilled 
and its uprightness tested in the same manner. 

Centres of a depth tool if blunt are almost certain to get out 
of truth if sharpened with an oilstone slip. The best plan i 
to get a large brass runner with a lantern end, havu\^a\\Q\ 



be 
;r. 

ed ■ 

i 



Ii4 



large enough to allow nearly all the conical point of the runner 
to come through. Then with a brass screw ferrule on the 
runner and a male centre in the opposite end of the turns, the 
point may be turned true with the graver. 

Derham, William (born 1657 ; died» and buried in Up- 
minster in 1735), a clergyman, author of The Artificial Clock- 
maker, 

Detached 'Escdi.'pemeTLt.—Echappement litre. — FreieHm- 
mung,'\ — An escapement in which the balance or pendulum is, 
during a considerable portion of its vibration, free or detached 
from the train. 

Detent. — \Detente, — Die Gangfede^ des Chronometers X-k 
term generally used by watchmakers to indicate a detamer. 
The detent of a chronometer escapement is the piece of steel 
carrying the stone which detains or locks the escape wheel. 
The fusee detent of a watch is the pawl or dick which takes 
into the steel ratchet wheel. 

De Vick. Henry. — About 1364 he made for Charles V. of 
France the first turret clock of which we have reliable record. 
It had iron frames and wheels, and, except that it was controlled 
by a balance instead of a pendulum, bears remarkable resem- 
blance to the turret clocks of a few years ago. The drawings 
(p. 113) of the front and side views of De Vick's clock will be 
of interest. 

Dial. — {^Cadran. — Das Zifferblatt.'\ — (i). The divided plate 
in a watch or clock used to indicate the motion of the hands. 
(2) A spring timepiece with a large dial. 

Exteriordials of public clocks are generally made too small and 
with too much decoration, which obscures the position of the 
hands 

A very good rule is that the diameter of the dial should be one 
foot for every ten feet the dial is from the ground. Sir Edmund 
Beckett suggested that dots should be substituted for the figures, 
so as to render the position of the hands clearer. The same 
authority advocated a concave form for the dials of public clocks, 
as with them the paralax of the hands with the dials may be 
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reduced to a minimum, and the hands are more sheltered froi 
the wind. But exposed dials, if concave or with a sunk centre for 
the hour hand, afford an objectionable lodgment for snow. 
Illuminated dials for turret clocks are, as a rule, made of 
opalescent glass. The gas jets behind the dials areturned very 
low in theday-timebyapinin awheel, turning once in 24 hours, 
which is driven by the clock. Another pin in the same wheel 
turns the gas upagain at night. A number of holes are drilled in 
the circumference of the wheel, and according as the nights 
shorten or lengthen.theman who winds the clock shifts the pins, 
so that the gas niaj- be turned up at dusk and down as the sun rises. 

To Sefix a Seconds Piece in an enamel dial, adjust it to posi- 
tion and place three drops of gum on the back of the dial at its 
junction with the seconds jiiece. Then gently heat the dial 
sufficiently to cause white :;ealing-wax from a pencil-shaped 
piece applied round the joii't to flow into it. When the dial is 

ol, carefully remove any .>■ uperfluous wax. 
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A Name may be removed from an enamel dial by gently rub- 
bing it with a little fine diamantine on the point of the finger. 

To Drill or Broach Holes in Enamel Dials. — Use a flat-ended 
drill or a conical broach of copper into which diamond powder 
has been hammered. 
A graver, kept moisten- 
ed ^^dth turpentine is 
sometimes used. An 
emery countersink a? shown in I the sketch will be found 
useful for trimming the edges of holes in dials. 

Tarnished Metal Dials. — A good plan is to gently heat the dial 
and dip in diluted nitric acid, but this must not be adopted for 
dials with painted figures, for the figures would be destroyed. 
The following process is not so fatal to the figures, but even 
with the greatest care it is impossible in some cases to preserve 
them. Dissolve i oz. cyanide of potassium in a quart of hot 
water, and add 2 oz. strong liquor ammonia and i oz. spirits of 
wine (these two may have been mixed previously). Dip the 
dials, whether silver, gold, or gilt, in it for a few seconds; 
quickly plunge them in warm water; brush carefully with 
soap ; rinse and dry in hot box- wood dust. 

French dead Silvering that is discoloured may be restored, 
and will keep its colour longer than if re-silvered, by brushing 
it with a very soft brush moistened with cream of tartar and 
water mixed to the consistency of cream. If the figures are 
waxed in, no danger need be apprehended, but if painted great 
care is required to avoid brushing them oiF. 

Silvering Watch and ClockDials. — Dissolve a stick of nitrate of 
silver in half-a-pint of rain water ; add two or three tablespoon- 
fuls of common salt, which will at once precipitate the silver in 
the form of a thick, white curd, called chloride of silver. Let the 
chloride settle until the liquid is clear; pour ofi* the water, taking 
care not to lose any chloride ; add more water, thoroughly stir and 
again pour oiF, repeating till no trace of salt or acid can be 
perceived by the taste. After draining ofi* the water, add to the 
chloride about two heaped tablespoonfuls each of salt and cream 
of tartar, and mix thoroughly into a paste, which, when not in 
use, must not be exposed to the light. To silver a surface of en- 
graved brass, wash the surface clean with a stiff" brush and soap. 
Heat it enough to melt black sealing-wax, which rub on with a 
stick of wax until the engraving is entirely filled, care being 
taken not to burn the wax. With a piece of flat pumice-stone, 
and some pulverized pumice-stone and plenty of water, grind 
off" the wax until the brass is exposed in every part, the stoning 
being constantly in one direction.' Finish by laying an even 
'traight grain across the brass with blue or water of Ayr 
Take a small quantity of .pulverized pumice-stone on 
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& hand, and slightly rub in the same direction, which tends ' 
to make an even grain ; the hands must he entirely free from 
soap or grease. Kiuse the brass thoroughly, and before it dries 
lay it on a clean board, and gently rub the surface with fine 
salt, using a small wad of clean muslin. When the surface is 
thoroughly covered with salt, put upon the wad of cloth, done 
up with a smooth surface, a sufficient quantity of the paste, say 
to a dial three inches in diameter a piece of the size of a 
marble, which rub evenly and quickly over the entire surface. 
The brass will assume a greyish, streaked appearance ; add 
quickly to the cloth cream of tartar moistened with water into 
a thin paste; continue rubbing until all is evenly whitened. 
Rinse quickly under a copious stream of water ; and in order J 
to dry it rapidly, dip into water as hot as can be borne by thej 
hands, and when heated, holding the brass by the edges, shake^ 
off as much of the water as possible, and remove any remaining ' 
drops with a clean, dry clotn. The brass should then be heated 
gently over an alcohol lamp, until the wax glistens without 
melting, when it may be quickly covered with a thin coat of 
hard spirit varnish, laid on with a broad camel's hair brush. ■ 
For watch dials the varnish may be thinned with spirits of wine* 
Dial Feet.—lPieeis de cadtau.—Die Zifferblatifusse.y-^^ar% 
pieces of wire soldered to the back of a watch dial, which fin 
into corresponding holes in the pillar plate and keep the dial ii 
its proper position. On the other side of the pillar plate smal 
pins are passed through holes in the dial feet In repeatini 
watches, where there would not be room for the feet, the dial 
is often formed with a thin ring to fit over the pillar plat 
English repeaters mostly ha\'e short flat feet secured by screw 
in the edge of the pillar plate. Messrs. Nicole, Nielsen, ana' 
Co. snap their watch dials into a very thin brass rim, which iti 
its turn is snapped into a groove turned in the pillar plate near 
its edge, a metUod of attachment that appears in many ways 
preferable to the feet. In common watches, pins falling out of 
the dial feet is a fruitful source of trouble. 'I'he pins are often 
too taper, or the holes in the feet too large. The holes should 
be under a third of the thickness of the loot in size and exactly 
in the middle of it. When the pin is in position it should 
just rest on the plate, neither above nor below the surface. A 
piece of steel hooked to pass over the foot will remove a pin 
that is pushed in too far. If a dial foot is burst at the hole, a 
better plan than removing the fcot is to encircle it with a piece 
of tubing soldered to the copper of the dial. The hole in the 
pillar plate can be opened to suit the tubing, and a new pin 
htted with the assurance that the position ol the foot has not 

^^en altered. 

^HjB'o replace a dial foot, prepare a piece of coppei: \\\"ce."«\'0 
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enlarged surface where it is to be attached to the dial. Tin 
this surface, scrape away the enamel for its reception by means 
of a graver moistened with turpentine, tin the copper, place 
the wire in position and gently heat with a blowpipe. 

The subjoined holder is a useful help in soldenng a new foot 
to a dial. It consists of a circular plate with a conical tit in 
the centre, which is kept down by a spring. On lifting the 
spring a dial can be slipped underneath ; if the tit is allowed to 
enter the central hole, it will press the dial sufficiently tight to 
hold it firmly. Then there is a spring arm fixed by a set screw 




Holder for Dial Feet, &c. 

to the shank of the tool. This may be adjusted to suit the 
(Hal feet, and when right w411 hold a foot perfectly upright and 
correct to position, while the soldering operation is going on. 
It occurs to me that there are many other operations besides 
soldering dial feet, in which this double spring holder will be 
available. It is like lending the watchmaker an extra hand. 

Diamantine. — \^Diamantinc, — Diamantin,'] — A preparation 
of crystallized boron much esteemed as a polishing powder for 
steel work. ** Rubytine," a somewhat similar polishing medium 
for arl:)ors and pivots, is quicker than diamantine, but does not 
yield so good a gloss. 

Diamond Mill. — {Alculcchaygcedcdiamant, — Diamantschleif- 
schdbc.'] — For cutting and polishing ruby pallets and other hard 
stones, discs charged with diamond powder and rotated at a high 
speed are used. The cutting mills are of soft copper about an 
inch and a half in diameter, into which diamond powder of a 
coarseness suited to the work has been rolled or hammered. 
Polishing mills are usually of ivory or tortoiseshell, and very fine 
diamond powder is used loose instead of being beaten into the 
mill. Vegetable ivory is now generally preferred. Being slightly 
porous it takes the diamond powder better and polishes quicker. 
The diamond powder for charing the mills is graded by pouring 
it into a vessel containing olive oil and allowing it to settle. 
The finer diamond powder is then poured off with the oil, and 
the coarser remains at the bottom of the vessel. 

Diamond and Sapphire Files.— [Z.//;/r5 en diamant ei 

sap/lire. — Diamant feile7i.\ — A diamond file is formed of a strip of 
copper with diamond powder hammered into it. A sapphire file, 
which is useful for operating on garnet and other soft stones, is 
made of a piece of sapphire which is flattened down on a diamond 
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Tniil and shellaced to a brass handle. The file is rendered coa.rser 
or finer according to the coai^seness or fineness of the mill upon 
"which it is flattened. A file too coarse used for the comers of 
garnet pallets or otherfine edges would be liable to chip thestone. 
The corners of garnet pallets may be reduced with a strip of 
copper and diamantine if a sapphire file is not to hand. 

DipleidOBCOpe.— [ZJij^/«t&iiro/>f. — Das Diplddoseop.~\ — A 
reflecting meridian instrument invented by Mr. J. M. Bloxam 
(Patent No. 9793, a.d. 1S43), which consists of three plates of 
glass placed together so as to form a hollow prism. Two of the 
plates are blackened at the back, and each of them then reflects 
therays ofthesunon to the third plate. The dipleidoscope is 
fixed so that these reflections coincide at solar noon. The advan- 
tages of the dipleidoscope over the ordinary forms of suu-dialS' 
are that the passageof the sun over the meridianis indicated with' 
greater exactness, and the reflections may be discerned in 
weather too cloudy to see any shadow on the sun-dial. 

Dividing Plate. — [^Plale/orme divisee.—Die ThdhcheibeP\ — 
The circular brass platem awheel-cutting engine, in whichholes 
are drilled as a register for the properdivisionofthe wheel teeth. 

Dog Screw. — Vh clef. — Die Scklusschchrauhe.'V— K screw 
with an eccentric head, or with one side of the head taken off,- 
used for attaching a watch movement to a dome case. 

Dog 'Watch.— A period of two hours which occurs twice ia 
the nautical day, the first beginningat 4 o'clock and the second 
at 6 o'clock p.m. (See Time.) 

Dome. — \Cnvclte. — DerManlel?y — Theinner case immediately 
covering the movementof a watch is called adomewhen it snaps 
on to the band of the case. Acasesomadeisspokeuof asadomC 

1iQ\x!a\^-'\i^9A. — '\^Doiible-fild.— DQppetrand (Gehause). — A 
form of watch case in which there are two beads or projections' 
running round the outside of the cover. 

Double Bottom.— [5(?;Vf a double fond. — Gekduse mil doppd- 
lem BodcnA—^hs form of watch case used in most full-plate 
watches. The inner bottom is in one piece with the band of the 
case.andthemovement is attached to the case by means of a bolt 
and joint. The movement of awatch with a double-bottomed case 
can only be got at from the front of the watch. The bezel has 
first to be opened and the bolt pushed back, when the movement 
is free to turn on the joint and fold out the case. 

Double Roller Escapement. — [lichappement a double 
rotileaii. — Siparatc Suherkdlsrolle {A7iker).~\ — A variety of the 
Lever Escapement, in which a separate roller is used for the 
guard action. (See Lever Escapement.) 
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Double Sunk Dial. — [Cadran a caitre fapporte, — Senkung 
Ji'ir Stioidc Hiid Sccunde {Ztfferblatt).'] — ^A dial with recesses for 
llic- hour hand and seconds hand. 

Douzieme Gauge. — [ Ouiil aux Douziimes. — Das Zwblftel- 
nfdtis^. A measuring instrument con- 
si >.ii 11 L^ of two limbs hinged together 
with the- ])()int of attachment closer to 
one end. The short end of the tool 
tcriiiiii.'itcs ill two jaws which embrace 
llu- work to be gauged. Fixed to one 
of lliL- long limbs is a scale, and the 
olhcT limb terminates in a pointer, so 
tli.'it tlu' size ofany object in the jaws is 
c'NM^i^^cratc-d on the scale. The name 
Don/itiiK- gauge applies only to those 
iii^lriiiiK'iits that register twelfths of a 
1 i 1 1 < . I n s( )!nc gauges of this form the 
iiK h is divided into tenths and 
liiiiidn-dlhs, and in others the mili- 
iiictn- is ado])ted as the unit. Occa- 
sion.! 11 \ iIrtc is a double scale repre- 
i^eiilin;.', inches and millimetres, with a 
] )oi n t < • r on the other limb for each scale. 
A sloiu-d arm and screw are sometimes added to fix the limbs 
in order lo retain a measurement. This, of course, adds to the 
W(i;.',lit ol' the tool. 

Douzieme. l/h/rz/h/zr.— Das Zicolftcl.'^ — A unit of measure 

olt( 11 UM(1 by watchmakers. The /.j of a line=i-i-4 of an inch. 

Dovetail. | Oucuc d'aii^lc. — Der Schwalbaischwanz.'\ — 
rndcrcnl. A groove made to receive a slide in the form of a 
dm. In a verge escapement the slide carrying the inner pivot 
ol Ihc escaj)e wheel arbor. In full-plate lever watches the slide 
is jewelled and supports the bottom pivot of the balance staflF. 

Draw. - [7>';^.(r^'. — Die Anzichiing.~\ — In a lever escapement 
the locking iaces, insteadof beingcurvesstruckfromthe centreol 
motion of the ])allets, are cut back at an angle which is called the 
*' draw " or "the angle of draw." The fronts of the escape wheel 
teeth are also set at an angle so that the teeth bear on their points 
only, and by this means the lever is drawn to the banking pirn 
.so that the guard pin may be free of the roller. In the chrono- 
meter escapement, the locking face of the stone and the teetl 
of the esca])e wheel are angled in the same way to keep the 
detent ])ressed against its banking, and prevent accidenta! 
unlocking through a shake or jar. 

Draw Plate. — \^Filitrca tiro. — Das Zieheisen,'] — A tool foi 
reducing wire. Holes with rounded mouths are formed ii 



Ill jewel, througfa which the wire is drawn. 
Drilling^' — {Petcage. — 5ffA^«z.] — Drilling tools maybe 
iTided into two classes, those in which the object to be drilled 
tates while the drill is stationary, and those in which the work 
ced and the drill rotates. It may be conceded that as a rule 
Mter accuracy is possible with the object to be pierced rotat- 
j; on the other hand, it is often more convenient and tjiucker 
Kkeep the work stationarj\ The mandril and lathe are examples 
£ former ; as also is Boley's excellent horizontal driller in 




Fig I -^ 

Fig. I. This IS furnished with an exceeding well designed vice 
for holding the object to be pierced. It has long angular jaws 
so that a piece of wire can be instantly gripped with the assurance 
that it is m line with the drilling spindle. There is a circular 
sink on the face of the vice and another on the top for holding 
discs to be perforated either through theface orthe edge. Having 
clasped the work in the vice, thecentreof the drill can be brought 
to any spot by means of a screw to adjust the height of the head 
stock and a slide rest to traverse the vice. The vertical driller 
shown in Fig. 2 serves to illustrate the second class. Here 
the drills are held in a split chuck; the slide worked by a 
cross handle at the back is convenient, so is the adjustable 
stop at the top. There is a lug cast on the bottom of the tool for 
holding it in the vice. The uprighting tool ^eusLxa-W^ 'oss^ _ 



by escapement makers, and the 
ordinary drill stock are also ex- 
amples of the second class. 
Occasionally for special pur- 
poses the work and the drill are 
both rotated. The flat, pointed 
drill, like Fig. 3, in which flie two 
cutting edges form about a right 
angle, is suited for brass or other 
uietais of moderate hardness. For 
drilling with a bow, where the 
motion is reversed the cutting edge 
of the drill had better be bevelled 
from both sides, but where con- 
tinuous motion can be secured, 
the cutting edge should be close 
to the face of the drill, and for soft 
metal may be turned even up a 
little in advance of the face. Drills 
for tempered steel require to be 
more obtuse, and are generally 
rounded, or spoon-shaped, as it is called, like Fig. 4, though 
sometimes flat-ended, chisel-shaped drills 
"I are preferred. For making square sinks to 
•' receive screw heads and the like, a pin drill 
is used (Fig. 5). Oil is used as a lubricant 
Fin. 3- i''iK-4- I'lK-S- when drilling wrought iron and steel, and for 
very hard steel turpentine may oe sub«ituted with advantage. 
For lougliolesof small diameter a twisted drill is desirable, soas 
to clear out the shavings and avoid unnecessary heating. On an 
emergency a twisted drill can be quickly formed from a piece of 
flat steel twisted while red hot by nipping one end in a vice. For 
long holes of large diameter nothing beats a half-round drill. 
Care must be taken to keep the cutting edge of chisel-shaped or 
half-round drills exactly in the centre of the hole, and before 
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usiug such a cutter the hole must be bored a little distance to the 
correct size, so as to form a guide for it. and if a small hole can be 
firstdriUedforthewholelength.sD much the better. Half-round 
cutters should be turned ou the rounding part. It is almost 
impossible to ensure their truth if they are iiled up, and if they 
are not tnie they will not prove satisfactory in working. 

Thereisnowlobeobtained a veryhandyholderwiththesetof 
ten sinking tools, as shown in Fig. 6, for forming sinks of 
various sizes and shapes. 

New Pivot — Oneof the best and simplest devices for centring 
and drilling up a small staff or pinion to receive a new pivot is 
shown in Figs. 7 and S. There is a steel runner accurately fitted 
to the turns and pierced throughout its length. The hole is 
^^M^P^^I J* tapped at one end to receive a bush with a 
^™^'^^^" ^ trumpet-mouthed hole. The arbor to be 
rig- 7' drilled for a new pivot is placed in the turns 

with the shoulder to be drilled resting in the trumpet -mouthed 
runner, and the other end centred exactly opposite in an ordi- 
nary runner. A drill stock having on it a ferrule is fitted to 
the hole in ihe runner, and the hole is drilled from the end of 




Fig. 8. 

the turns. Fig. 8 shows the arrangement clearly. Two or 
three of the little t mm pet -mouthed bushes should be provided 
for different-sized pivots. By adopting this method the arboi 
is centred at 
once, and the 
hole is bound to 
betroe through- 
out its length if 
the tool is cor- 
rectly made. 
Instead of ad- 
aptingthe turns 
to this purpose, 
the special staff 
drilling tool 
shown in Fig. 9 
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is loosely fixed to the drill-holder, so that, in working, the strain 
on the drill is not so great as with the ordinary drill stock 
having a ferrule attached rigidly, and, as a consequence, the 
annoyance of a broken drill is often avoided. 

Drop. — \^Chute. — Der Abfali.'] — In an escapement, the space 
through which the escape wheel moves without doing work. 

Drum. — Tambour, — Die Trommel.'] — A small French clock 
enclosed in a brass cylindrical case. The distinguishing feature 
of these clocks is that tl^ey never go for long together. 

(2) The barrel on which the driving cord in turret clocks is 
wound also answers to the name of drum. 

" Drum " Escapement— The escapement used in French Drum 
Clocks is a continual source of trouble to English clock-jobbers. 

It receives impulse at every other vibra- 
tion only. The clocks have going barrels, 
and the idea of the escapement appears to 
be that by providing a long frictional rest 
ron one of the pallets the extra pressure of 
the escape wheel tooth when the main- 
spring is fully wound will be sufficient to 
prevent any considerable increase in the 
arc of vibration of the pendulum. But the clocks often stop 
from deficiency of power when the spring is nearly down, and stop 
when they are fully wound because the small and light pendulum 
has not energy enough to unlock the pallet. The best that can be 
done is to alter the resting pallet to the form indicated by the 
dotted lines in the figure, and see that the wheel teeth and 
pallets are well polished. 

The hole for the back pivot of the pallet staff, even though it 
is already free, maybe broached out considerably with advantage. 

Duplex Escapement. — {^Echappemeyit duplex. — Die Du- 
plexhemmung.~\ — (Invented about 1780. Credited to Dutertre, 
Tyer, and others.) A watch escapement in which the escape 
wheel has two sets of teeth. One set lock the wheel by pressing 
on the balance staff, and the other set standing up from the face 
of the wheel give impulse to the balance. 

This, like the Chronometer, is a single beat escapement, that 
is, it receives impulse at every other vibration only. It is shown 
on page 126. The escapement has two sets of teeth. Those 
farthest from the centre lock the wheel by pressing on a hollow 
ruby cylinder or roller fitted round a reduced part of the balance 
staff, and planted so that it intercepts the path of the teeth. 
There is a notch in the ruby roller, and a tooth passes every time 
the balance, in its excursion in the opposite direction to that in 
which the wheel moves, brings this notch past the point of the 
tooth resting on the roller. When the tooth leaves the notch. 
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the roller. The impulse teeth should have considerable drop on 
to the pallet. io° is not an unusual amount. The escape wheel 
Is made as light as possible, of hard hammered brass of very fine 
quality. The points of the impulse teeth are usually two-thirds 
the distance of the points of the locking teeth from the centre of 
the wheel. The impulse pallet is sometimes jewelled. 

The staff requires to be planted with great exactness, and one of 
the most frequent causes of derangements of the Duplex Escape- 
ment is the wearing of the balance pivots. In such cases, the 
pivots having been re-polished, new holes, or at all events a new 
bottom hole should be put in. See also that the point of each 
locking tooth is smooth and nicely rounded, and that every 
impulse tooth falls safely on the pallet ; if some are shallow, 
twist the impulse pallet round so as to give more drop. Or if the 
roller depth is also shallow, carefully make the teeth of equal 
length by topping, and then, supposingit to bea full-plate watch, 
very slightly tap the cock and the potance towards the wheel 
until the escapement is made safe. In a three-quarter plate the 
recess for the jewel setting may be scraped away on one side and 
rubbed over on the other. The extra amount of intersection of 
the impulse pallet in the path of the wheel teeth thus made can 
be easily corrected by polishing off the surplus amount, if any. 

It is of the utmost consequence in this escapement that all 
the jewel holes should fit accurately, and that the balance staff 
should have very little end shake, otherwise the pivots will be 
found to wear away very quickly. 

A loose roller is occasionally the cause of stoppage. The staff 
and roller should be carefully cleaned from oil which would 
prevent the shellac from sticking, and if the staff is polished 
where the roller fits it may be grayed for the same reason. 
Then warm the roller and fix with shellac. 

It sometimes happens that the impulse pallet, in running past, 
just catches on the impulse tooth, and when the balance leans to- 
wards the escape wheel, the continual recurrence of this causes 
the vibration to fall off, and gradually stops the watch. If the 
locking teeth are already the right depth, the fault should be cor- 
rected by polishing a very little off the corner of the pallet with 
a bell-metal polisher if the pallet is of steel, or with an ivory 
polisher and the finest diamond powder if it is jewelled. But the 
greatest care must be taken not to overdo it. 

A small drop of oil should be applied to the notch and no- 
where else, except to the pivots. 

When the escapement is in beat, the notch in the roller is 
between the locking tooth resting on it and the line of centres, 
or a little nearer the latter ; out of beat is a frequent cause of 
stoppage. 

The idea of this escapement is seductive-, atvd aXou^Mvco.^' 



was considered an excellent arrangement, but it has proved to be 
quite unreliable. The best proportion of Its parts and the finest 
work are insufficient to prevent it setting. On the introduction 
of the Lever it declined, and is rarely made now. 

Buplex "Sook.—lLev/e de duplex — Der Duplachaken.']— 
The impul.^e pallet of the Duplex Escapement. 

Duplex Roller. — {^Rouleau de duplex. — Die Duplexerolle.']- 
A hollow cylinder of ruby, slit throughout its length, fitted on 
the balance staff of the Duplex Escapement, against which the 
lonji teeth of the escape wheel rest except dunng the impulse, 
when they pass through the notch or slit. 

Dust Cup.— [Cah//c.— Die StaubhiHse.'}—A. guard fitted 
round the fnsee arbors of watches and chronometers to exclude 
dirt. There are two varieties of cups — "saucer" and "balance- 
wheel "—the former, shaped like a saucer, is generally of gold, 
and is used in three-quarter plate watches ; the latter is some- 
what similar in form to the Verge balance wheel. 

Dust Pipe. — l^Chapcait. — Das Slaublmlcken.'\—Pi.c\rp-&ha,'peA 
shield round the set hands arbors of watches and chronometers 
for preventing the entrj' of dirt into the movement. In the 
best liuglish watches the cup is solid with the arbor. In 
marine chronometers the pipe ts screwed to the plate. 

Sarnshaw, Thomas, bora at Ashton-under-Lyne, in 1749. 
He invented the springdetent escapement and the compensation 
balance, both substantially as now used in chronometers. 
Earnshaw was in business in Holborn, near the turning now 
called Southampton Row ; and died at Chenies Street, in 1829. 

Eccentric Arbor. — {Atbrc exce^iltique. — De> excenltiscke 
Drehsti/t.^ — An arbor used chiefly for holding barrel or fusee 
arbors which may require to be turned after the centres are cut 
off. It is made in two parts. One part consists of a centre and 
ferrule ; the other part 
is split, and has a 
square hole to receive 
the square of a barrel , 
arbor or fusee, and 
generally two screws 
to nip it as shown. 
There is a disc on the 
end where it meets the ferrule. The two parts are connected 
by means of a cover plate and three screws tapped into the 
ferrule. The holes in the disc are large, so that when the three 
screws are loosened, the two parts of the eccentric arbor may 
be shifted with relation to each other till the barrel arbor or 
other work runs true. 
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Eiflfe, James Sweetman {born i8ckj, died 1880).— A clever 
chronometer maker who for some time carried on business in 
Lombard Street. He invented a compensation balance very 
similar to that patented by Molyneux. 

XjlectricClocks. — {Ho rlo^es Ehdriques. — Electrische Ukreti.'] 
— Electric clocks may be divided into four classes, (i). Clocks 
in which electricity is used to impel the pendulum and turn 
the hands so that periodical winding of a spring or weight is 
dispensed with. (2). Clocks that are driven by a weight or 
spnng and wound in the usual way, but in which the vibrations 
of the pendulum are controlled by currents transmitted auto- 
matically from a standard timekeeper. (3). Clocks wound by 
electricity ; and (4) clocks in which the mechanism is quite 
uncontrolled but the proper position of the hands is ensured 
by periodical electric currents from a standard. 




Alexander Bain, in i&^3, invented (patent 9754) a system of 
driving clocks and keeping a number of ttxem m ciicviA ^qvci^ 
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to time by an electric current applied to the pendulum. 

For his pendulum bob he used a helix of wire, each tuni 
insulated from the preceding, the wire ending in two insulated 
springs by which the pendulum was suspended. Two bundles 
of pennanent magnets, having their similar poles slightly 
separated in the centre, were fixed at one end to the clock 
case, so that the pendulum bob was free to oscillate over them. 
The pendulum was caused to complete the galvanic circuit by 
a sliding bar resting on the battery terminals acted on by its 
vibration, and thus rendered automatic. 

Sir Charles Wheatstone also devoted attention to the subject, 
and patented, in 1858 (No. 1241)3 system of synchronous clocks 
in circuit. 

Mr. Charles Shepherd, Mr. F. J. Ritchie, and many others, 
have also elaborated methods for attaining the same end. 
Figs. I and 2 refer to Ritchie's arrangement of electrically 
driven clocks. Each of the second- 
■ aryclocks,isprovidedwithapendu- 
lum, p, similar to Bain's, vibrating 
over two bundles of magnetic bars. 
SN-NS (Fig. I.) The master clock 
is furnished with slight springs, a, 
and d, one on each side of the 
pendulum, o, which are attached, 
one to the copper terminal plate 
of battery A, and the other to the 
zinc terminal of battery b, the 
^r other poles, x and — , of each 
battery passing by the line wire, 
or through the earth, to one of the 
suspension springs of the control- 
led pendulum, p, thence down the 
rod and around the ball, r, to the 
second suspension spring, and by 
the line wire to the pendulum rod 
of the master clock. The wheel- 
work is carried forward by a kind of 
gravity escapement which locks the 
wheel, so that no force can cany 
forward the wheel beyond the stop. 
and no power less than the weight 
of the gravity arms will drive it 
backwards. Fig. 2 represents an 
escape-wheel, s, acted on by two 
gravity arms, a and B, one on each 
side. The pendulum, p, is moving 
Pig ^ in the direction of the arrow. The 
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right hand arm d is resting on a tooth, pressing it forward I 
by its weight. The tooth, however, resting on the stop, a 2, 
resists its action until it is raised out of its position by the 
vibration of the pen- 
dulum, when the 
wheel is moved for- 
ward till a tooth is 
canght by the stop, 
i- I, on the arm, b, 
which locks it till re- 
lieved by the reverse 
ing of the pendu- 
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Messrs, F. Hope- 
Jones and G. B. 
Bowell, who have 
elaborated one of the 
latest systems, dis- 
pense with the clock 
train altogether. Be- 
yond this, an impor- 
tant feature of their 
arrangement consists 
in transmitting the 
current formaintain- 
ing vibrations of the 
pendulum through 
the surfaces by which 
electric contact is 
made ; in this way, a 
certainty of contact 
ap pears to be ensu red . 
Pigs. 3 and 4 show 
two of their plans 
for master or dnving 
clocks. In Fig. 3, 
which is intended for precision clocks, there are two gravity 
arms lifted alternately by electro- magnets, the vibrations of 
the pendulum being recorded upon the dial shown on the left 
and a chronograph on the right. 

In Fig, 4, with the object of reducing the periodicity of the 
contact, the gravity arm takes the form of a weighted lever, 
re-set every fifteen seconds instead of every- second, and exerci- 
sing its pre-ssure upon a maintaining .spring for giving impulse 
to the pendulum through the medium of a dead-beat escape- 
Either of these master clocks may drive a number qC_^ 
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dials, the hands of which are actuated from the sudden 
vibration of the arma- 
ture of an electro- 
magnet by means of 
pallets driving an es- 
cape wheel, as in 
Ritchie's arrange- 
ment, or in some 
other way. Dials 
worked by periodic 
electrical currents 
from a controller 
, clock, can all be set 
I forward by simply 
J short-circuiting the 
I pendulum, and so 
I sending out addition- 
J al impulses. It is, 
however, equally im- 
portant to be able to 
set the dials back any 
desired period, with- 
out attending to them 
individually or stop- 

?'ng the pendulum. 
his is accomplished 
., , by Messrs. F. Hope- 

Jones and G. B. Howell in the following way. The minute 
hand of one of the dials is connected to a short arm by means 
of 11 ])awl and ratchet, in such a manner that the arm will only 
follow the band if the latter is moved backwards. When this 
is done the arm moves a switch which renders the other dials 
inoperative until it is automatically replaced. This arrange- 
ment is sketched in Fig. 5. 

It is clcarthat if the current fail in clocks of the first class, not 
onlydothey cease to register, buton the resumption of the cur- 
rent tliey start with the error accumulated during its cessation. 
R. I.. Jones, therefore, proposed to make the secondary clocks 
each complete in itself, and furnished with a pendulum practic- 
ally similar to pin Fig. I. A standardclock with the same length 
of pendulum as those controlled was caused to transmit currents 
which accelerated or retarded the motion of the controlled 
pendulums according as their vibrations were a little too slow or 
a little too fast. This system works very well in Greenwich 
Ob-servatory, where the circuit is short, and constant attention is 
paid to the electric apparatus; but the late C. V.Walker, after 
nyyears' trial with a clock at London Bridge controlled from 





ftreenwicli, pronounced it to be impracticable. If the current ' 

■^ed long enough for the controlled pendulum to get one beat 

it, the controlhng apparatus had no means of setting the clock 

1.* :„ XT .1..1,,.- .^. appear to have met with 

greater success and 
quite recently. Pro- 
fessor Becker has de- 
signed a system for 
about 200 street -corner 
dials ill Glasgow, In 
this case the Standard 
Greenwich- mean- time 
clock at the Observa- 
torj' controls about 
eightweigbt regulators 
by meausof an alterna- 
ting current passing 
every second through 
the Observatory clock 
and the Ritchie pendu- 
lums ofthese regulators 
Theregulators station- 
ed in the various 
districts of the city 
form centres for the 
further distribution of 
time. The regulator 
makes automatically a 
contact each half 
Fig. 5. minute, and thecurrent 

closed by this contact works a number of relays stationed in the 
same room with it. Each relay again is the centre of a separate 
street circuit with 8 to 12 dials. For the sake of testing theregu- 
lators and the dials, each regulator makes every hour at a par- 
ticular minute a contact which lasts about jf of a minute. 
Further, one dial of each circuit is placed at the station of the 
circuit, and all those at the same station make a contact at the 
same minute as their regulator does. The contact springs are 
connected in series, and one end is joined to the observatory 
circuit, the other to earth. Therefore, by joining at the obser\-a- 
tory an electric bell to battery and earth, the ringing of the bell 
at the proper time shows that the regulator and at least one dial 
of the vanous circuits are correct. 

In Pond's electric clock a motor attached to the frame winds 
the weight or spring once an hour or after other periodical inter- 
vals, the motor being started hy an arm, which, carried round ' 
the train, completes the electric circuit on arriving at a ce."i' 
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?)oint ; when the barrel has made nearly a rotation a projection 
irom it strikes the arm away, breaking the contact and stopping 
the motor. The motor is actuated by one or more Leclanche or 
other cells. This invention, though regarded favourably when 
introduced a few years ago, does not seem to have been largely 
adopted in England. 

Bain devised a simple hand-setting arrangement. An 
electro magnet was placed behind the dial of the clock to be 
corrected. The armature of the magnet carried a rod ending in 
a V shaped fork immediately above the figure XII. A pin pro- 
jecting back from the minute hand was so placed as to clear the 
arms of the V when the armature was at rest, and forced to 
occupy the angle of the V, when, by the attraction of the magnet, 
the armature and rod were drawn upwards at the completion of 
each hour. 

In London the Standard Time Company adopted a system, 

invented by Mr. John A. Lund, of setting 
clocks right by sending an electric current 
from a master clock which causes two 
--^ clips to close on the minute hand of each 
clock in the circuit exactly at each hour, 
so that if the hand is in advance of or be- 
hind the twelve on the dial, the clips 
adjust it to its proper position. 

Ellicott, John, bom 1700, died 1772. 
He wrote one or two pamphlets on the 
construction of pendulums, and was the in- 
ventor of a compensation pendulum in which the bob rests on 
the longer ends of two levers, of which the shorter ends are 
depressed by the superior expansion of a brass bar attached to 
the pendulum rod. This device has not proved to be of prac- 
tical value. Ellicott's shop was in Sweeting's Alley, Comhill, 
close to the old Royal Exchange. 

Emery. — [^Emeri. — Der SchmirgeL'X — Corundum mixed with 
iron and other impurities. It is graded to various degrees of 
fineness, and used for grading or abrading metallic surfaces. 
The chief kinds required by watchmakers are No. 46, called 
grit or corn emery, used for sharpening cutting burnisher ; No. 
70, grit, used for smooth burnishers ; flour emery, a finer kind 
also used for smooth burnishers ; and washed or double-washed 
emery, used for snailing and giving a grey polish to steel work. 

Emery Pile. — {^Pierre a emefi. — Die Sckmitgel/eite.^t^ 
solid stick of emery used as a file. 

Em.ery Stick. — [^Lime a imeri, — Die Schmifgelfekk?^^ 
stick of wood round which emery paper is glued. / 

Emery WlieeL — \Roue a emen, — Das SchmirgeAmi^i^ 

K 




■wheel composed of emery and some uniting material, used for 
abrading metals which are held against its rapidly revolving 
surface. The best wheel with a fine cut for surfacing metal is an 
American one, in which vulcanite is the cementing medium. In 
another good kind silica is used. Kither of these may be run in 
water if desired. For occasional use, and for grinding milling 
cutters and the like, a wheel may be made of a wooden body, to 
which emery is attached with glue. The glue must become 
thoroughlyliardbeforethewheelisfitforuse. Toworkeffectively J 
the circumferential velocity of an emery wheel must not be less I 
than 2,000 feet per minute. For watchmakers' tools an emery J 
wheel is preferable to a grindstone, by reason of its even texture. 

End Sto]3.e.~[Pierre de contte pivot. — Der Deckstein.~\—K 1 
small discof jewel on whichawatchpivot rests. In most English 1 
watches all the escapement pivots run on end stones which are I 
screwed in the plate or cock at the end of the jewel hole. The j 
arbors of the train are prevented from moving endways by the I 
fact that the pivot is of lesser diameter than the rest of the arbor. J 
It passes easily through the hole in which it works ; the body of \ 
the arbor cannot follow, but is caught by the projecting shoulder. 
The holes for the train pivots are termed "thorough holes," 
whether they are Jewelled or not, so as to distinguish them from 
holes provided mth end stones, which are called capped jewels. 

Engine Turning. — {^Guitlochis. — Das Guillocke]. — The 
wavy circular curves cut into the outside of watches iot* 
decoration. 

Epicycloid. — \_Epicycldide. — Die Epicydoide.'] — A curve 1 
generated by a point in the circumference of a circle as it rolls I 
upon another circle. The usual shape of the teeth of a wheel ] 
that drives. (See Wheels and Pinions.) 

Equation of Time. — \_Equation.—Zeitgleichung.'\ — Adding I 
to or substraeting from the true solar time the amount necessary | 
to obtain equal or mean time. (See Time.) 

Equatorial Clock. — {^Horloge equatoriale. — Das Uhrwerk I 
eines Aquaio>iums.~\ — A clockfordrivnng an equatorial telescope. 1 
It has generally a conical pendulum or other device for rendering 1 
its motion continuous. ' 

Escapement.— £"i-Aa;S/««£w/. — DieHemmung.'] — Thedevice J 
in a watch or clock by which the motion of the train is checked, I 
and the energy of the weight or mainspring is communicated J 
to the pendulum or balance. (See Anchor, Chronometer, r 
Cylinder, Dead Beat, Duplex, Double Three-Legged, Drum, ' 
Lever, Pin Pallet, Pin Wheel, and Verge.) 

Escape Pinion. — [Pigiion d'e'ckappemml.—Das Gaiigrads- 
lrieb.~^ — The pinion on the escape wheel arbor. 
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■ Escape 'VTYi&eX.—lRoiie d'/chapptment.^Das Gangrad:^ 
Tht- wlicc-l that permits the escapement of the train. 

EBcaplng Arc.— Twice the angular distance a pendulum ' 
ha?, to Ijc moved from its point of rest, in order to allow a tooth 
of the escape wheel to pass from one pallet to the other. 

Bye CHa8B.—[/.<Kyif.—2?/VXa^c.]—Theusiial form of watch- 
maker's glasH is a convex lens an inch in diameter mounted in 
horn. Thougli sometimes extra strong glasses are used for 
special jjurposes, the focus for general work ranges from two to 
four inches. Some workmen find the 
muscular exertion of supporting the 
glass irksome, andattach it tea wire held 
in the mouth or behind the ear, or to a 
light spring coiled round the head. Eye 
glasses may nowbe obtained mounted in , 
cork for lightness. Holes are often 
drilledtliroughthe mounting to prevenl 
) the glass being dulled by the collection 
of moisture on it, though some object to 
the holes, as tending toderangethesighl, 
Apartfrom the accumulation of moisture on the lens, more than 
one glass should he at hand in case the eye tires; glasses of 

B different foci rest the eye. There is a verj' superior glass called 
Hie " Dracip," well polished, and giving a wide flat field. The 
pame is made of vnlcanite, and is very light. The focus of each 
nass is legibly stamped on the frame as shown in the subjoined 
ngure. 

Yoiuig watchmakers should be taught to use the glass to either 
eye, It is sometimes an advantage in working to be able todo so, 
and the idle eye would benefit by more use. Mr. Brudenell Carter 
and other occuli.sts declare that the constant use of a glass is 
not injurious, and watchmakers find the eye to which the gla.'W 
is applied to be the stronger of the two. 

Watch jewellers use a glass with double lenses half an inch 
in diameter, and with a very short focus. 

Facio, Nicholas, introduced watch jewelling (Patent, 
371, May, 1704). 

Ferguson, James (born 1710 ; died, and buried in Maryli 
bone Churchyard, 1776). Astronomer and mechanician. 

Ferguson's Clock. — This clock, shown iii Figs, i and 2, 
contains only three wheels and two pinions. The hours are 
engraved on aplatefitlingfriction-tighton the great wheel arbor; 
the minute hand is attached to the centre wheel arbor, and a thin 
plate divided into 240 equal parts is fitted on the escape wheel 
arbor, and shows the seconds through a slit in the dial. The 

Ickshasaseconds pendulum. The nuni berof teeth in theescape 
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wheel is higher than is desirable, and the weight of the thin plate 




or ring intheescapewheelarboris objectionable, though itmight 
nowbemadeofalurainium, vulcanite, orothervery light material. 

ferrule. — ^GuivroL — RoUe.'] — The small wheel or pulley 
roundwhich is coiled the string of a bow when it is used to give a 
rotary motion to a piece of work. A screw ferrule (Fig. i) has a 
projecting lug, which is split, and furnished with two screws 14, 
to enable it to grip the work. In pivoting arbors, where I fl 
tliere is not room for a screw ferrule, a ferrule of bone IJj 
•iiuglied on one side with a file and waxed to the wheel is pp 
"^fteii used. For this purpose beeswax alone is generally Fig. 1. 
too soft, and the practice is to melt it and mix with it a very 
little resin. 

Spring Ferrule. — This is a convenient form of ferrule where 
there is but little room. As shown in Fig. 2, 
* saw slit is made across the ferrule to meet 
s hole drilled through it. The larger this hole 
IS, the more springy and better the fernile will 
he. But if it is desired that the centre hole | 
should be large enough to take the body of 
fliepiniou.thentheouterholeniust be reduced ' 
in proportion, but instead of being circular it 
■^ai be carried farther round the circumference in the shape of . 
a crescent. | 

A ferrule li'ief 1)1 when itisdesiredtorepaiitlieM'p'^eiT^wQt.oC 
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turn back the shoulder of ^e escape pinion of a hori- 
T\ zontal escapement without removing the wheel, is 
i Aw shown in Fig. 3. A convex surface is presented to 
I I the back of the wheel, and a concave cover very thin 
I 1^ in the middle being screwed on from the front of the 
WW wheel, bends back the teeth. 

" Sliding Carrier. — This useful adjunct, if not 
supplied with the Jacot tool, may with advantage 
^'iK- 3- be fitted to it. It is often handier than the screw 
ferrule, and saves time when used instead of waxing or shellacing. 
A small steel plug or arbor is fitted to one of 
the centres as shown (Fig. 4). The ferrule of 
steel runs on a collet of hard brass, and is kept 
in its place by a small washer. The collet is 
pierced to move freely on the steel arbor, and ^ig- 4- 

Its projecting end slit and then pinched together so as to grip 
the arbor sufficiently tight to remain in position when in use, and 
yet not so tight but that it may be moved to and fro without 
trouble. Holes may be made at convenient positions in the ferrule 
to receive the carrier pin. The shake between the crossings is not 
objectionable with small-sized wheels, but for large and heavy 
balances, &c., two pins and a larger ferrule may be used. To 
compensate for the room taken up by the projecting end of the 
collet, a little is sometimes taken off* the boss of the Jacot tool. 

Carrier and Sliding Centre. — Fig. 5 is a most useful arrange- 
ment of ferrule and carrier, by Mr. Arthur 
ptj— Webb, suitable either for the Jacot tool or the 
yP"^ turns. The ferrule runs on an arbor screwed 
to a disc which is fixed to an ordinary runner 
(a). The arbor of the ferrule is pierced to 
. ^B receive a very small runner, as shown, which 

^^^- 5- has a head of brass in which the work is 

centred. This little runner may be drawn further out or pushed 
further into the arbor as required, and is kept in position by a 
set screw tapped into the head of the arbor. 

Squire's Adjustable Runner, with Ferrule. — Fig. 6 represents an 
adjustable runner combined with driving pulley, by Studley 
Squire. At the rear end is fitted a main runner, niade in various 
sizes to suit different turns. At the fore end is a dovetail slide, 
which is adjustable with an up and down action by means of the 
nutted screw at the bottom. The dovetail carries a working 
runner, which clamped by the screw at the top and is reversible, 
having a centre of diff"erent size at each end. Similar runners 
are made with safety centres. The pulley can be thrown into, 
or out of, engagement with the work at will, being kept in po- 
sition upon the runner by means of an ingenious device fitted 
spring tight upon the runner and provided with a slot in which 



works a collar projecting- from the rear eud of the pulley. Thel 
pulley has a crank-shaped driving pin, adjustable for driving 
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Fig. 6, 



the smallest escape wheel or the largest balance. 

The nicest adjustment of the back centre can be obtained in 
an instant by a turu of the adjusting screw below the dovetail, 
This is of particular advantage when working in small Swiss 
escape pinions, polishing pivots in beds, &c. In turning hollows 
also, many to whom the fitting of a new pinion or cylinder is 
not a frequent occurrence will find it a couveuience to be able 
to adjust the work in an oblique position so as to see into the; 
bottom of the hollow. 

This tool can further be utilized with advantage in drilHn] 
pinion.s or staifs. It is next to impossible to drill a pinion up-; 
right if the wheel be held in the fingers, a slight movement of 
which suffices to break the drill off in the hole. For a job oi 
this kind a lantern runner of the larger size is placed in the 
turns with the adjustable runneron theopposite side. Suppo- 
sing it to be a Swiss top 3rd pivot that is required, the pinion 
is first centred for drilling, then the lower or sound end of the 
pinion is placed in a hole of the lantern runner, with the wheel 
resting flat against the face of the lantern. The adjustable- 
runner is now screwed to the level of the pinion, and the drill 
placed between the two. This adjustment takes but a moment, 
while it secures a hole perfectly upright, and prevents the 
annoyance of getting broken drills out of holes. 

The adjustable runner is not confined to use in working with. 
eccentric runners For turning with concentric ones the dovetail 
can be lowered so that the working runner takes up a perfectly 
central position. It is scarcely necessary to point out the ad- 
vantages of a driving pulley. All the repairs to the pivots of 
a cylinder or pinion can frequently be done in less time than is 
required to put on and take ofFa ferrule, partScuIarlyof the wax 
or cement kind. 

Permle for BalancGS.^M. Martinet, in the Rnnie Chrono- 
mehiqtie, describes a ferrule for balances, like Fig. 6. It is made 
of steel, and the balance is held firm by whal. is Tta.\\-*j aX^a^' 
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joint. The face of the ferrule is recessed or bored out, leaving 

a thin rim. a, b, and <: are three slots cut in the face of the rim, 

and continued round a portion of the periphery in a wedge-like 

form to receive the arms of the balance. The balance is placed 

in and twisted round, the wedge-like slots gripping it firmly. 

Care must be taken to cut the slots round the periphery in the 

right direction, so that the pressure of 

the tool when operating on the balance 

tightens it in the vSlots, and to cut the 

slots round the periphery pretty near 

the face, so that in gripping the balance 

the wedge-like slots allow of a little 

springing. A ferrule on this principle 

for compensation balances would, of Fig. 6. 

course, have but two slots instead of three. There are now to 
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be obtained the set of ferrules as shown in the above sketch. 
They comprise ferrules for balances with slots lor two and 
three arms ; for third and fourth wheels with five arms and for 
escape wheels. 

Pile. — {^Lhnc. — Die Feile ] — An instrument with a serrated 
surface for reducing metal and other hard substances by abra- 
sion. (See Bastard, Bull's Foot, Dead Smooth, Diamond, 
Pillar, Pivot, Potance, Rat Tail, Ridged-back, Safe-edged, 
Slitting). 

A new file should never be used on steel or iron, but be re- 
served for brass till its first keenness has worn oflF. A file 
apparently worn out may be revived by placing it out of doors 
to rust, then immersing it in a strong solution of cyanide of 
potassium and afterwards well brushing it with the file cleaner 
and oil. File handles should be fitted on perfectly straight 
with the file ; they may be burnt out with the heated tang of 
on old file or other piece of steel of the right shape. 

File Cleaner. — A piece of carding wire attached to a flat piece 
of wood forms an invaluable file cleaner. Should there be a 
bit of metal so tightly jammed between the serrations as to 




resist the action of the cleaner, it may be removed with the 
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flattened end of a bit of brass wire. Somi; files show a disposi- 
tion to persistently clog. After cleaning out, these should be 
either rubbed with chalk or slightly oiled, which will in a great 
measure prevent the accumulation of fixed lodgnients. 

Filing Block.— This is a hardened steel cylindrical block with 
different sized grooves for supporting wire while it is being filed. 
One end of the block is reduced and 
held in a split socket. While the tail 
I of the split socket is loose between the 
jaws of a vice, the cylinder may be 
freely rotated to bring the desired 
gioove uppennost. When the vice is 
tightened the split socket grips the cylinder, keeping it fast. 
For rapidly making perfectly straight pins, filing click or 
mainspring wire, aud similar purposes, this filing block is far 
superior to the boxwood or ivorj' rest. 

Oaide for Eiling and a^nsting Square Stems. — This useful 
appliauce is the invention of M. Bonierbale. Its function 
will be readily understood from the following description of the 
engraving : — A is a round bar flattened on one side, carrying a 
fixed tail-stock, on the top of which is a hard steel plate C. 
This steel plate is raised or lowered by means of a suukhead 
shouldered screw in the centre, and steadied by the other 





three screws shown. Variations of level ma> be obtained by 

these screws, and any size of parallel or taper 'iqu ire produced. 

B is a poppet head sliding on the bar carrying the divided 

_^late F, and a female centre 6. D is a guide to regulate, fLa 
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length of a square. K is a small circular plate acting as a 
hcarinj^ for the work. This plate is intendea to be filed flush 
with the work, and at the same time. G is a carrier with a 
screw acliiij^ as stop, when placed in the grooves of plate F. 

Flirt. — [ Fond, — Die Afiiaufunppe,'] — A lever orotherdevice 
for causinj; sudden movement of mechanism. In an independent 
centre- seconds watch the revolving arm on the last arbor of the 
inde])endenttrain, which by taking into the escape pinion regu- 
hites the motion of the independent seconds hand. In some 
forms of chime clocks, a lever actuated by a spring and discharged 
every (juarter of an hour to knock up the quarter rack hook. 

Ply. — [ Volant. — Da ]Vhid/a?ifr.'] — A two-bladed fan used in 
clocks to preserve uniformity in the time which elapses between 
each stroke of the hammer. When thestrikingtrain isdischarged 
it wcmld run with increasing speed but for the fly, whose progress 
is o])])osed by the air with a force proportional to the square of the 
velocity of the fly. With a fly too small it will be noticed that 
when say twelve o'clock is being struck, the last few blows 
will be delivered much quicker, than the first. 

Ply Cutter. — ^^F^aisc a crochet, — Die Zahnfrase. — Haken- 
frdse. — A cutter wnth a single cutting edge, used for cutting 
the teeth of l)rass wheels. This is the usual form, but latterly 
fly cutters are often made double. A piece of steel fitted to 
the cutter holder so as to project equally on each side is turned 
to the form the cutter is desired to be. The steel is thinned 
on o])posite sides till the faces are just coincident with the 
centre of the holder, and after being filed back from the edge 
to give rec^uisite clearance is hardened and tempered. 

Ply Pinion. — \Piirnon de volant. — Das Windfangsttiebiy- 

The ])inion in a clock w^hich carries the fly. In a repeating 
watch, the last pinion of the running train when no escape- 
ment is used to control it. 

Ply Spring.— [Z,^7Vr. — Die Springfeder.'\ — ^A spring that 
causes the outer cover of a watch case to fly open. (See Case 

Springs). 

Pollower. — In a verge watch, the plug which, fitted to the 
stud or counter potance in the top plate, carries the outer 
pivot of the escape wheel arbor. 

{2) In a pair of toothed wheels, the one that is driven. 

Pourth Wheel. — \^Roii de champ. — Das Secundanrad.'y- 
The wheel in a watch that drives the CvScape pinion, and to the 
arbor of which the seconds hand is attached. 

Praise. — \_Fraise. — DieFr'dse.'\ — A cutter (See Ingold Praises). 

Frame. — \C(ige» — Das GestelL'] — ^The plates of a watch or 
clock that support the pivots of the train. 
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■ree Spring:. — [Sfiirale sans raquclle.—Dic Spiralfedcr ohn\ 

Iriar.] — Abalaucespringancontrolledbycurbpmd. lu marine 

fonotueters, pocket chronometers, and generally fine watches 

fchich an overcoil spring is used, the spring and balance are 

■iportioned to give exact time as nearly as possible, and curb 

"s are dispensed with. Any future alteration in the rate, if 

?eded, has then to be made by an expert. 

'riction. — \_Friction. — Die Reibung.~\ — Friction is deiined as 

\ resistance experienced when one hard body is rubbed upon 

Bther, caused by the tendency of the asperities which exist on 

surfaces, however highly polished, to interlock, together with 

t natural attraction which bodies have for each other, and 

isibly some electric action. The force necessary- to overcome 

Jtion varies directly as the weight or pressure with which the 

foes are kept in contact, and is independent of the amount of 

!r which the weight or pressure is spread. If the 

e too small in proportion to the pressure, they will be 

Mdly worn away ; andif the disproportion beverygreat, one or 

[h of the surfaces will be destroyed by abrasion. With most 

_jstances used forthe acting surfaces of machines this abrading 

actionwould very quicklydevelop itself were thesurfacesallowed 
tocomeinto absolute contact, therefore a film of some lubricant is 
interposed, which of itself has a retarding influence; but in 
machinesofanysizeorweighttheamount is very small, compared 
with the friction proper — the attrition of the metallic surfaces. 
The visciditj- of the unguent employed is also proportioned to 
some extent to the weight ; but it is possible to have the weight 
so small that, even with the most fluid unguent, the adhesion of 
the ung^uent is far greater in amount than the attrition of the 
metallic surfaces. In the balance staff pivots of a watch, fo 
instance, therecanhardlybesaid to be friction at all; nearly the 
whole of the resistance arises from the adhesion of the oil, the 
amount of which is exactly proportionate to the extent of the 
surfaces in contact, instead of to the weight ; and as the fluidity 
of the oil cannot be kept constant, owing to the action of the 
metallic surfaces and the atmosphere, the varj'ing sum of the 
resistance is a source of great perplexity to watchmakers. The 
surfaces in contact are, therefore, wisely made very small in cases 
where the greater part of the resistance arises from the adhesion 
of the oil. Towards the barrel, where the pressure is greater, 
larger surfaces are desirable, and a thicker oil should be used. 
When very thin oil, which is proper for the escapement, is used to 
the centre and fusee pivots, one often hearsof complaints of these 
pivots becoming dr>' and cutting. In clocks the barrel and train 
pivot holes are often improperly reduced to nearly the same 
lengths as the verge and escape holes. Where extra surface is 
— ^ — ired for the bearings of arbors, &c., it should be obtained by 
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increavSing the length and not the diameter, for if the diameter 
of a pivot or bearing of any kind is doubled, the resistance to 
motion is doubled also, because the revolving surface is then 
twice the distance from the centre of motion. 

The coefficient of friction is a fraction representing the pro- 
portion of the weight or pressure on two surfaces in contact 
that will be required to overcome the friction between them. 

Frictional Escapement. — yEchappeinent a friction. —Dk 
ruhcnde Hcmmung ] — An escapement in which the balance is 
never free from the escapement. The Cylinder, Verge, and Duplex 
are the best known examples of frictional escapements for 
watches. 

Friction Spring. — [^Rcssort de Minuterie — Minutenrohr 
Spri7igfcdcr.~\ — In house clocks a bow-shaped springsquaredatits 
centre on to the centre arbor. Its ends press against the face of 
the cannon wheel and so drive the hands. (See Motion Work.) 

Frodsham, Charles (bom 1810, died 1871), a skilful and 
successful watchmaker, who succeeded J» R.Arnold, at 84, Strand. 
He conducted many experiments with a view of elucidating the 
principles underlying the action of the compensation balance and 
the balance spring, and wrote several valuable technical works. 
He was for some time a Vice-President of the Horological 
Institute. 

Frosting. — [Adouci mat. — Mattiftmg,'] — The grey surface 
produced on steel work for watches, &c. (2) The granular, or 
*' matted " surface given to brass pieces prior to gilding. 

Frosting Steel Keyless Work. — After the work has been prepared 
with a surface free from scratches, it is rubbed with a short back- 
T\Vard and forward motion on a small glass slab with a thickish 
' paste of oilstone dust and sweet oil. Before mixing this paste, 
look over the pounded oilstone with a very strong magnifying 
glass, and carefully remove all the black atoms, which, if left, 
would inevitably scratch the work. It may afterwards be rubbed 
in the same manner on unglazed note-paper, ver>% fine oilstone 
dust, and oil. The work is cleaned and finished by rubbing in a 
circular direction with pith, or instead of rubbing with pith the 
work may be carefully breaded and immersed in benzine. 

Frosting Watch-Caps, Plates, &c. — 2^ nitric acid, 2 muriatic 
acid, full strength. Dip the articles for a few seconds; rinse in 
water ; scratch-brush with a circular motion, then gild. 

FuUFlate. — S^Deuxplatiyies. — Das Voiipiattenwerk.'] — A full- 
• plate watch has a top plate (i.e. the bottom plate of the mov 
ment looking from the dial) of a circular form, and the bala 
is above this plate. 

"VVLBBB. — Fusie. — Die Schnecke7\ — A spirally grooved 




' ofvaryingdiameterinterposedlietweenthebarreland thecentre ' 
pinion of a watch or clock ~ 

for the purpose of con\ertiiig 
tUe varj'ing force of the 
spring into a constantpre> 
at the centrepinioH A ch: 
or gut is coiled round the fu' 
when themainspringis' 
The first coil is on the larger 

end of the fusee, and the last pj^^_jj^j,,i^^,^^^^i^„jf,„^g, 
on the smaller end. from ^_ j^^j^ -„j,^3^|. j f„,g^. ^.^g.eat 
whence the cham is attached wheel; rf, winding square; ^.snail- 
to the barrel. As the main- sh aped flange. 
spring runs down down the barrel rotates and coils on to itself 
the chain or gut from the fusee ; but while the mainspring when 
fully wound turns the fusee by uncoiling the chain or gut from 
thesmallest jjartof thefuseeit gets the advantage of the larger 
radius when its energy becomes lessened. The fusee is sup- 
posed to have been invented by Jacob Zech at Prague, about 
1525. By means of an adjusting rod the uniformity of the force 
transmitted by the fusee is tested. In watches and marine 
chronometers the fusee is always fitted with a chain. In clocks 
gut is often used. In modern watches and clocks the fusee is 
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ished with maintaining power to drive the train while the 

^ e is being turned backwards during the process of winding 

(see Maintaining Power). Such fusees are called going fusees, to 
"^listiuguish them from the plain fusee in old verge watches. 
The calculation forthe turns of fusee is so simple as scarcely to 
t for any remark. The centre wheel of a watch turning once 

f" hour, and the turns on fusee being calcuVattdfot t,qVo\w%, 
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it is evident that the number of turns in any case is inversely 
proportionate to the number of times the teeth of centre pinion 
is contained in main wheel. 

Example. — With great wheel of 75, and centre pinion of 10; 

75 -T- 10 = 7*5 and 30H- 7*5 = 4, which is the number of turns 

given in the table on page 137. 

Note. — The proportion of the top to the bottom diameter of a fusee can 
only be determined when the force of the spring at those two points is 
known ; but in all cases the force at the top must bear the same propor- 
tion to the bottom diameter as the force at the bottom bears to the top 
diameter. (See Adjusting Rod.) 

Eepairing Watch Fusee Top Pivot. — First file up and re-polish 
the square, taking off the comers sufficiently to prevent them 
standing above the pivot when it is repolished. Put the square 
into an eccentric arbor and get the fusee quite true. Now put a 
screw ferrule on to the fusee back arbor, and place the whole 
piece in the turns with the eccentric in front, using the bow on 
the ferrule at back. If the pivot is much cut it vShould be turned 
slightly with the point of the graver. Polish first with steel and 
coarse stuff, afterwards with bell-metal and fine stuff, and finish 
with the glossing burnisher. — H. B. 

To put in a Watch Fusee Top Hole. — Put the pillar plate in the 
mandril and peg the bottom hole true, then turn out the top 
hole to the required size for stopping. The stopping (a hollow 
one) vShould be small, and no longer than just sufficient to form 
the rivet. If there be danger of bending the plate, the stopping 
vShould be softened slightly (the hammering will re-harden it), and 
the ends turned hollow to facilitate the rivetting. The top hole is 
now to be turned to nearly right size for the pivot, testing it fre- 
quently for truth with the peg, as much broaching is especially 
to be avoided. In finishing the stopping use poi^ishkd cutters, 
take off the corners of the hole, and polish the cup or chamfer for 
the oil with peg and red stuff. The same procedure is to be followed 
with I -plate fusee, and it will be found best to finish the stopping 
in fusee piece before screwing tlie steel on to the brass. Be careful 
to give the fusee but little end shake ; if it be at all excessive 
the stop work and the maintaing work will become uncertain, 
and either or both may fail. — H. B. 

Fusee Cap. — [C; ochet de fusee, — Det Stellungshaken 
fSchneckeJ. — A thin steel plate on the smaller end of the fiisee. 
It has a projecting nose, and as the last coil of the chain or 
gut is wound on to the fusee, it pushes the stop finger in the 
path of the nose of the fusee cap. 

Fusee Fngine. — \Outil a tallies les fusees, — Die Schnecken- 
schneidemaschine,'] — A Kind of screw-cutting lathe used for cut- 
ting the grooves on fusees. 

Fu3ee Hollow. — \Sillon de fusee. — Die Schneckenxapfen- 
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%inte*drek7ing.'\ — The hollow cut behind the shoulder of the 
fusee upper pivot to prevent the overflow of the oil. 

Fusee Piece. — \Chapeau pour fusee.— Messingfutier fur den 
Schneeke}i2apfe7i.'\—th.e. circular plug screwed to the top plate 
in which the upper pivot of the fusee works. 

Fusee Sink. — [^Noyure de fusee, — Die Sckneckeiiausdiekun^.'] 
— The sink cut in the top plate of a watch to give space for the 

Q-allows Tool. — \^Snpport pour pignons (pntil'). — Dcr Trieb- 

haltet ( lVerkseug).'\—Ps. tool in ^^ 

which a pinion is ^ 

placed by clock- | ^ C .i . 

makers when the>° -^ ''a t 

leaves or bottoms ■« u, "3. 

are to be filled, k ° "^ 

The head is rivet- ' 

ted verj' loosely on to the shank, so as to give to the motion of 
the hand in filing. 

Gathering Pallet, Tyrai!a\'ex.—\CoUedeur.^Der—SchdP' 
fe>.'\ — A revolving fingerlhat in striking clock.s and repeating 
watches moves the rack one tooth for each blow struck. 

Oauge. — \Outilh. mesuicr. — Das Maass.'] — A measuring in- 
strument. (See Callipers, Cylinder, Cylinder- Height, Don/ieme, 
Glass-Height, Micrometer, Pinion, Pinion-Height, Pivot, 
Pump-Cylinder, Slide.) 

G-ildiug^. — \^Dorage.^Die Vefgoldung.'Y — ^The coating of in- 
ferior metal with gold. There are two methods of depositing 
the gold : the water or mercurial process, and the electro. 

Water (Hiding, — The operation of water gilding is as follows : 
Six parts of mercury are heated with one of gold, and the re- 
sulting amalgam squeezed, so as to separate superfluous mer- 
cur>'. Thus nearly four of the six parts of mercury will be 
squeezed out, and a mass of the consistence of butter left. The 
object to be gilt is rubbed over with a solution of subnitrate of 
niercurj' ; thus it becomes covered with a superficial layer of 
that metal. And now the amalgam is applied, and will at once 
attach itself to the mercurial surface. It is then wa.shed, and 
gently heated over some burning charcoal, and the amalgam 
kept uniformly brushed over the surface by means of a soft 
brush. The heat is then kept up, until the surface assumes a 
(lull yellow colour, when it is removed and polished by a 
wheel brush, kept moist by dilute vinegar. A mixture of bees- 
wax and verdegris is then applied ; the latter having an affinity 
^M mercury, removes any which is still left on. Lastly, f'- 
^Eakle is burnished, washed with dilute tiiU\c adi., awi -^ 
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wards with water, and dried. The whole operation is most 
noxious to the health of those who practice it. 

Electro Oilding. — In large gilding establishments the current 
is now obtained by means of dynamo-electric machines ; but 
for the guidance of those who occasionally require to gild 
small articles, I have been favoured by Mr. Willis with the 
following concise directions, and if they are implicitly, followed 
a good result will be ensured. 

The Battery. — Procure a Smee's battery, say quart size, fill up 
the cell to within two inches of the top with i part of sulphuric 
acid to 12 parts of water; let it stand till the mixture gets 
cold ; place the battery in it, and it is then fit for use. If you 
want to lessen the power, raise the battery out of the cell so as 
to have less surface exposed to the action of the acid. 

Place in the binding screws two copper wires of convenient 
length, -125 inch diameter; to the one in connection with the 
platinized silver plate hang a piece of fine gold to supply the 
gold solution or bath with gold : to the one in connection with 
the zinc plates hang the articles to be gilt. 

The Solution. — Dissolve i oz. of cyanide of potassium in i 
pint of distilled water in an earthenware or glass vessel ; hang 
the anode (the piece of gold) so as to dip into the solution, and 
on the other wire hang a piece of copper wire also dipping into 
the solution. If kept gently warmed^ the solution in about 
three hours will be charged with gold and fit for use. 

Preparation of the Articles. — If the articles are not perfectly 
clean the gold will not be deposited evenly, and the solution 
will be spoilt. Therefore carefully clean them in a bath of 
diluted acid or by well brushing them wdth a weak solution of 
cyanide. 

Whatever surface is desired must be put on before gilding. 

Articles that have been soft soldered should have the solder 
touched with a weak solution of sulphate of copper, which will 
deposit a thin coating of copper, to which the gold will take freely. 

To Gild. — Hang the articles on the wire in connection with 
the zinc ; if more than one at a time, see that they do not touch 
each other. Hang the anode to dip in the solution, and in 
from half a minute to two minutes they will be gilt ; if not 
thick enough, wash them and repeat. Keep the solution warm 
while using. 

Note. — Always take the battery out of the cell when not in use. See 
that the connections are clean and brij^ht. If the deposit is red or foxey, 
cither you have too much battery power or your solution has too mnch 
C3ranide or is made too hot. If it is pale, then the reverse. Alwa3rs vat 
fuie gold. When after use the zinc plates are attacked by the acidf, they 
must be reamalgamated by placing them in a dish with i part of sulphnnc 
acid to 10 parts of water, and brushing mercury over them till thev have 
B ailvery appearance ; no part of the plate must be left undone, or the add 
Hll soon attack it Then wash in ckatv Nvat^r and stand on edge to dnrifl 
rt&e 8uper£non8 mercury. 
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A complete outfit for occasional gilding and plating witli tlie ' 
Bunseii batterj-, which is equally effective, may now be obtained 
at the material shops ; as well as requisites for uickel plating. 
Tarnished Gilding may be revived by immersing for a few 
moments in a cyanide bath consisting of one ounce of cyan- 
ide of potassium, one ounce of lump ammonia to half-a-pint of 
water, and rinsing at once in hot water. The articles may then 
be dipped in spints of wine, and dried in bo.xwood dust. The 
cyanide solution should be kept in a glass stoppered bottle, 
and used with care, as it emits a poisonous vapour. 

Greasy articles should be cleaned in benzine before dipping in 
the cyanide. 

A good recipe for renovating all kinds of gilt or polished work, 
which is used by French, cleaners of gilt zinc clock cases, and by 
many of them regarded as secret, is as follows : — 

Cj'Hiiiiie of Potassium . . . . . . 5 parts. 

Bicarbonate of Soda 

Sulphuric Ether 

Alcohol 

Distilled Water 
The articles remain in the bath 
rinsed with water, and afterwards 
box- wood dust. 

Glass. — L ^'f'"^'^- — -^"^ Glas.^ — 

Oltus Height Gauge. — This is especially useful in fitting 
glasses to hunting watches where there is but little spare room. 
A plate of brass is formed with a ± shaped base on which two 
feet (e e) suitable for standing 
in the bezel of a watch slide, r 
The top of the plate is folded 
over at the back to a right \ 
angle thus |~. to serve as a 
table on wliich to rest a glass. 
When the lower end of the 
sliding rod A is level with the 
feet, its upper end is a .shade 
above the lop of the plate and 
the pointer b is at " flat," so 
that when the lower end of 
the rod rests on the cannon 
pinion or hand of a watch, the 
projection of the rod above the 
top of the plate gives the height 
required for the glass. At the same time the pointer shows 
on the scale the size corresponding to the labels on Geneva 
ises, Mr. Virgo invented this tool, but to Mr. Siiuire is d.\i.e. 
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le credit of adding the pointer and scale. 
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The shapes and titles of the watch glasses in general use 

are as follows : — 
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Geneva hunter, height i 
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Double lunette, cut top 
Bull's eye 

Concave crystal 

Mi-concave crystal, flat 
Mi-concave crystal, open face 

Mi-concave crystal, hunter 
Flat crystal 

Mi-concave, thick 



Mi-concave, lentille 
I Flat crystal, hunter 



Glass Plates. — {^Plattcs de glace. — Das Schlei/glas,'] — Used for 

frosting and polishing steel work on, as well as for burnishing 

endstone settings and other brass pieces, are surfaced with emery. 

Perfect flatness cannot be ensured in preparing only two plates, 

for one maybe dished and the other rounding, and yet they would 

touch each other all over. A glance at the sketch will show this 

^^y, v^^ , s.'^-,><x , s^.\Ki clearly. The best plan is to get three pieces 

^^m^^^^^^^ of plate glass of a convenient size, and rub 

them together in rotation with rather coarse emery until a true 

surface is obtained. Then the plate intended for burnishing is 

rubbed on the other two with double washed emery, and may 

afterwards be polished with putty powder. When in use the 

burnishing plate should be kept scrupulously clean with alcohol 

'^nd a wash-leather. 
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Gnomon, Style. — [_Aig^ilk de cadran solaire. — Der Sti/t 
eincr SofiHeii/ir.}—Tha.t part of a suu-dial whose shadow indi- 
cates the time. 

Going Barrel .—5a nV/iSif tounmnt. — Das gezahnteFederkaus. \ 
—The barrel of a watch or clock round which are teeth for 
driving the train direct without the intervention of a fiisee. 

Going Pusee. — S^Fusie d'enlrelien. — Die Schnecke mil Con- 
lregespcrrc.']~K fusee with maintaining; power attached. Old 
verge watches are still to be met with without maintaining work. 

Gold.— [Or.—Go/o'. ]— Below is the Mint value of gold. The 
value of the alloy is not taken into account, but iu dealing with 
any considerable quantity of gold alloyed with silver, the value 
of the latter may be worth consideration. As a rule one-third to ' 
one-half of the alloy iu gold chains and jewellery is silver. I 

Mystery Gold.— This substance, resembling g-carat gold and 
resisting the action of uitric acid, was found by Mr, F. Lowe to 
consist of silver 2-48, platinum 32.02, and copper 65-5 parts. 

Gold Spring, Passing Spring, — [^Ressori d'or. — Die Gold- 
feder.'\ — A very thin gold spring attached to the detent of a 
chronometer escapement, through which the escape wheel is un- 
locked by a pallet when the balance moves in one direction, but 
which yields and allows the pallet to pass when the balance 
moves the opposite way, 

CKing. — [ Timbre. — Die Ton/eder.'] — A piece of steel wire bent 
into the form of a volute, used tor striking the hours on in 
quarter and carriage clocks when a deep tone is required. The 
hammer should be faced with leather slightly burnt to harden it. 

Gongs, — Steel wires on which the hammers strike in repeat- 
ing watches. They are fixed at one end to the plate, and run 
round inside the band of the case. 

Graham Escapement. — See Dead-beat. 

Graver. — \_Burin. — Der Stichel.^—A cutting tool formed of 
a square piece of steel, ~ 

the cuttingend of which 
is made diamond- 
shaped. It is the chief 
turning tool used by 
watchmakers. In turn- , 
ing, the graver should 
be presented to the 
work so that the body of 
the tool lies nearly at a 

ingent to the work op- 



d^ngen 





eratod upon. The sketch appended (Fig. i) will show what is 
meant. The point of the graver at c is too low.and the handle too 
high ; the graver would rub away the metal instead of cutting 
it. This in often a favourite position with beginners, whoexert so 
much pressure against the work that it either flies out of the 
hithc or the tool slips under it and breaks it. The pointof the 
graver at u is too high, and the tool is not held at the proper 
angle, but if it followed the dotted line s it would cut well; 
and though the best place for 
the cutting point is between d and 
c, it had better be too high than too 
low. The face of the graver at d is 
formed at about the proper angle 
lor ordinar>' work ; for pinion hol- 
lows and other special purposes a 
) longer face is often preferred. 
Gravers should be proportioned in 
size to the work in hand and have 
handles of cane or other light 
material. The face only, and not 
lilt- sidt-s of a graver, should be whetted ; after the operation 
llif lin'L- should present a fiat surface, if it is rounding towards 
tlu' tdgo a ck-aii cut will be out of the question. Fig. 2 shows 
■A tfjiil liy liiik'V for holding a graver or other cutter while 
being wlK'llfd sons to ensure aflat face at the desired angle, but 
HUfli iif\ici.*:i art not to be recommended except for slide rest 
i-ulttTs. I'lTscvcrance will give the ability needed to produce 
a flat nravor by hand. 

Tlif Vfry sharp point of the graver should have one light 
linuli on 11 smooth stone to make it an almost imperceptible 
chisi'l-sliapL- ; steel will then turn easier, and whether brass or 
slwl is hfiug manipulated, the graver will last better. When 
turning hard stcul the graver should touch a different spot with 
each stroke of the bow, for the steel is then not so likely to glaze. 
TliLTc is a kind of graver to be had under the name of 
" I'rogruss," winch is particularly suited for turning hard steel, 
drilling holes in enamel dials, glass, &c. 

Oraham, George, born at Kirklinton, Cumberland, 1673, 
died 1751, and buried in Westminster Abbey. He was appren- 
ticed to one Aske, and, on completion of his apprenticeship, 
became assistant to Tompion. About 1700 he perfected the 
Cylinder Escapemeut which Tompion had previously patented. 
He invented the Deadbeat Escapement for clocks and the 
mercurial pendulum. For some years prior to his death he 
kept a shop opposite the " Bolt and Tun " in Fleet Street. 

Qxavity. — \_Gravite. — Die Sckwerkfo./l.'] — The force that 
draws all bodies towards the centre of the earth, and by which 



a penduhitn drawn aside from its point of rest is impelled to 
vibrate. The velocity acquired by a falling body increases 
directly as the time occupied in falling; the vertical space 
passed through will be as the square of the time. At the sea-' 
level in London, a body exposed freely to the action of gravity, 
falls 16-095 f^^t i" tlis fii'st second, aud at the end of that time 
has acquired a velocitj' of 32'i9 feet per second. It must be 
remembered that it started with no velocitj-, aud that the 
velocity is gradually and uniformly accelerated, therefore, if 
falling for two seconds it would have passed through 64'38 
feet, aud at the end of that period he travelling with a velocity 
of 64-38 feet per second, g is used by mathematicians to repre- 
sent the acceleration in the velocity of a body exposed to the 
action of gravity, which varies in different latitudes, but a; 
before stated is 32-19 feet per second iuthe latitude of London, 
The velocity acquired by a body in falling through a given 
height is the same whether it fall vertically or descend through; 
an inclined plane. It would take the same time to fall verti- 
cally through the diameter of a circle and through any chord 
terminating in the extremity of the diameter, and the velocity 
acquired by descending chords of the same circle is as the 
length of the chord. 

Gra-vity Escapement. — [Echappemmt k gravity. — Sckwet- 
kraj'lhemmung.'] — An escapement in which impulse is given to 
the pendulum by a weight falling through a constant distance. 

For large turret and otlier clocks which have to move a number 
of heavy hands exposed to wind and snow, the Graham aud 
similar escapements are not perfectly adapted. The driving 
weight of the clock must be sufficient to move the hands under 
the most adverse circumstances. Then at times, when the wind 
and snow assist the hands in their motion, the whole of the 
superfluous power is thrown on the escapement, an accurate 
performance cannot he expected. The custom has been to usefor 
such clocks a remontoireof some kind, that isau arrangement by 
which the train, instead of impelling the pendulum direct, winds 
up a spring. This spring in unwinding administers a constant 
impulse to the pendulum. A gravity escapement partakes some- 
what of this principle. The train raises an arm of certain weight 
a constant distance, and the weight of this arm in returning 
impels the pendulum. Until Mr, Denison invented the double 
three-legged for the great clock at the Houses of Parliament, 
gravity escapements were regarded with suspicion as having 
tendency to trip. 

Double Three-Legged Gravity Escapement, — Invented by E. 
Denison (Lord Grimthorpe), 1854. This escapement, shown 
Fig. I, consists of two gra\'ity impulse palletspivotedas nearly as 
possible iualine with the bending point of thependulum spring. 
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The lockiiigwheelismadeupoftwo thin plates Havingthreelong 
teeth or "legs" each. These two plates are squared on the arbor 




Fig. I — Douhlt Three-I.ej{Keil Fig. 2.— Single Three-L«gged Gravity 

Gravity R scape uic lit, Escapement, 

a little di.stance apart, one on each side of the pallets. Between 
them are three pinswhich lift thepallets. These pins are generally 
the bodies of three screws used to connect the locking plates 
though a three-leavedpinion answers the purpose. In the draw- 
ing one of the front legs is resting on a block screwed to the front 
of the right hand pallet. This forms the locking. Thereisa 
similar block screwed to the back of the left-hand pallet, for the 
legs of back plate, which is shaded in the drawing, to lock upon. 
Projectingfrom each of the pallets is an arm. The tip of the one 
on the right-hand pallet is just in contact with one of the pins 
which has lifted the pallet to the position shown. Thependulum 
is travelling in the direction indicated by the arrow, andtheleft- 
-•d pallet has just given impuVse, The pendulum rod in its 
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swing will push the right hand pallet far enough for the leg of the 
front locking plate, which is now resting on the block, to escape. 
Directly it escapes the left-hand pallet is lifted free of the pendu- 
lum rod by the lowest of the three pins. After the locking wheel 
has passed through 60 degrees, a "leg" of the back locking plate 
is caught by the locking block on the left-hand pallet. There 
should be a couple of banking pins to stop tlie pallets from going 
lower than the left-hand one is shown. This allows the lifting 
pins to have a little free run before reaching the arm. 

As the three-leaved pinion always lifts the pallets the same 
distance, the pallets in returning give a constant impulse to the 
pendulum. The friction in unlocking would, of couse, vary with 
the pressure transmitted through the train, but the effect of such 
variation is found to be practically of no monient. To avoid any 
jar when the locking leg falls on the block there is a fly, kept 
by a spring friction-tight on an enlarged portion of the arbor. 
This fly causes the legs to fall smoothly and dead on the blocks, 
and thus avoids all danger of tripping. 

All the parts are made very light, of steel, with the acting 
surfaces hardened. The pallets and locking wheels may be cut 
from an old saw plate, and a three-leaved pinion for lifting 
obtained by breaking out every alternate leat from a six-leaved 
pinion. The distance of the lifting pins from the centre should 
not be more than i or Jess than ,K of the radius of the locking 
legs. They should be placed as shown, the one last in action 
and the one about to lift being vertically under each other ; the 
lifting is then performed across the line of centres. The distance 
of the centre of the escape wheel from the pivots of the pallets= 
the diameterof the escape wheel. The lengthof the tails of the 
pallets is immaterial. For symmetry they are generally made as 
shown. The most frequent mistake in constructing this escape- 
ment is that the parts, especially the locking plates, which caa 
hardly be toolightareniade too heavy. Lord Grim thorpe suggests 
that the fly should be made of aluminium for lightness. The beat 
pins may be of brass or ivory. They, and the pendulum rod where 
they touch, should be left perfectly dry. If oiled they become 
sticky, and the action of the escapement will be unsatisfactory. 

Single Three-Legged Gravity Escapement.— It will be observed 
that the double three-legged really acts as an escapementwith a 
three-toothed wheel, the extra wheel beingadded to spread the 
impidse pallets more, and so obtain a greater vertical lift for a 
given horizontal movement. Fig. 2 is a single three-legged 
arrangement by Dr. Waldo and Professor Lyman. The locking 
blocks A and b are well placed for ensuring sound locking and 
easy release. Instead of the usual three pins, there is, for lifting, 
a triangular steel block which acts against large light friction 
rollers pivoted one on each pallet. The locking wli^a\.\=jC.Q"tn.- 
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mendably light. The beat pins are mounted eccentrically, for 
easy adjustment, a good plan often followed. 
A Foni-Legged Oravity Escapement is occasionally used for 

regulators and other clocks with seconds pendulum. It may, 
perhaps, when thoroughly well made, and with the locking 
blocksj ewe lied, be better than the Graham for such a purpose, as 
it is free from the error due to thickeningof the oil; but from the 
small numberof teeth in the escape wheel, it requires in the train 
either very high numbered wheels or an extra wheel and pinion. 
This is a distinct advantage in a turret clock, because the large 
amount of power required to drive the leading off rod is thereby 
more reduced by the time it reaches the escapement. In a regu- 
lator the extra pair of wheels and the greatly iucreased wear of 
the escape pinion are adrawback sufficient to prevent its general 
adoption, considering the good performance of the Graham. 
There is the additional advantage with the Graham that the 




'^ig. 3.— Four-legged gravity 
escapement. 
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escape wheel rotates once in a minute and affords a ready meal 
of obtaining the seconds indicator. 

Thwaites & Seed's Six-Le^^ed Cavity Escapement. — This modi< 
fication of Denison's gravity escapement gives excellent results? 
Impulse is given to the pendulum at each alternate vibration only. 
The rotations of the escape wheel are only half what are required 
with the double three-legged, and a much lighter driving weight 
will suffice. In the engraving, the pendulum swinging in the 
direction of the arrow will unlock the tooth a, and allow the 
wheel to move till it is stopped by the block b ou the neutral 
ann ; by this time the lifting pin which had been iu contact 
with the arm d is carried to theposition indicated by the outline 
just above the real pin, which is black ; so that in the retitm \'ibra- 
tion the arm D clears the lifting pin and follows the pendulum, 
giving it impulse. In its excursion the pendulum moves the 
neutral arm till the wheel is unlocked from the block b, and the 
wheel then again takes the position shown in the drawing. 
The neutral arm simply rises and falls, giving no impulse ; but 
when resting against the banking pin C is in the proper 
position to lock the wheel. 

Great "Wlieel.— [ia premiire roue.— Das erste Rad.'] — The 
wheel on the fusee arbor which drives the centre pinion. The 
largest wheel in a watch or clock. 

Grimthorpe. — See Denison. 

Guard Pin, Safety Pin. — [Danf. — Sicherkeiisspitse.'\ — A 
pin in the lever e.wapement that prevents the pallets leaving 
the escape wheel when the hands of the watch are turned back. 
(See Lever Escapement.) 

Gymbals. — [Suspension de ckronomhre. — Die Universalauf- 
Mrig'itng- (_Scii^scor>ipass).l— A univeYsai joint on which marine 
chronometers are mounted. The objectofthe g>'nibalsis to keep 
tlie chronometer level, notwithstanding that the wooden 
chronometer box is constantly tilted by the motion of the ship. 
Invented by Cardan (according to Berthoud) to suspend the 
ship's lamps, and first used foramarine timekeeper by Huyghens. 

Hair Spring.— [.ffmori' spiml.—Die Spi>a//cder.^, — The 
balance spring of a watch. (See Balance Spring.) 

Half Chronometer. — [Demi chionontilre. — Der Halbchro- 
nomete>.'\ — This term originally used to denote watches having 
an escapement compounded of the lever and chronometer, 
appears now to be applied to fine lever watches which have 
been adjusted for temperature and positions. 

Half Dead Escapement.— [j5'f^o//eOT<?«/ h, demi repos. — 
^, I}ie J-fcntiHung mil nnvollkomtnmer Ruhe ] — A clock escapement 
l^n which there is a little recoil. _ 

■^ I 



did 

ItaJV 
1.* ^ 



i5» 

Half Plate.— :Z>m/ Platine.—Das Halbplattmwerk.Y-k 

watch in which the top pivot of the fourth wheel pinion iscarried 
in a cock so as to allow of the use of a larger balance than could 
otherwise be got in. A sounder jeweller, too, is often secured 
by cocking the fourth wheel pinion. (See Plate.) 

Half Timing. — A preparator>' timing of verge watches by 
letting them run without the balance spnng. If the watch ran 
nearly to half time the balance was considered tobeasuitableone. 

Hall Mark. — \Controle.— Dcr SiempelS] — The marks im- 
pressed on watch cases, jeweller>% and Plate, after being assayed 
at the Government Assay Office. (SeeAssaj'ing.) The marking 
of jewellery is with few exceptions optional. The hall markingof 
all watch casesof gold or silver made in Great Britain and Ireland 
is compulsory. The cost is only the actual outlay incurred in 
assayingand stamping. The hall mark consists of several impres- 
sions in separate shields: there are the standard or quality mark; 
the mark of the particular office at which the article was assayed; 
some character by which the date of marking may be traced, and, 
up to 1890, if duty was chargeable, the head of the reigning 
sovereign. 

The Standard Mark of the London Hall is a lion 
passant for sterling silver. A lion passant was also the 
standard mark on 22-carat gold up to 1845. 

l**or gold of 22-carats the standard mark is now a 
crown, and the figures 22. For i8-carat gold the 
standard mark is a crown and the figures 18. 

l'*or 1 5-<:anit r,old 15 and -625 1 Pure gold being 24-carats, these decimals 
„ 12 „ 12 ,, '5 , represent thl^roportion of pure gold 

„ 9 ,, 9 ,, 375 ) in the artk*les so marked. 

The London Hall Mark is a leopard's head, which 
prior to 1823 was crowned. 
Date Marks of the London Hall are given on pages 

The Head of the Reigning Sovereign shows duty has been paid. 
Wat<h <-ascs were exempted from duty in 1798, otherplate in 1890. 

The Maker's Mark before 1697 was some emblem selected by 
hini ; in that year it was ordered to be the two first letters of 
ills surname ; since 1739 it has been the initials of the maker's 
Christian and surnames. 

In i^>97 the (|uality of standard silver was raised from 11 ozs. 
3 dwt. U) 1 1 ozs. 10 dwt. of pure silver in 12 ozs. of plate, or from 
•025 to 959, and a lion's head used as the standard mark with a 
figure of iiritannia as the hall mark ; but in i723the old standard 
of II ozs. 2 dwts., and the old marks of a lion passant and a 
leopard's head were reverted to, although the higher standard 
the figure of Britannia is vStill occasionally used. 
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Date Mark on Gold and SUver Plate and Watch Cases 


marked at Goldsmiths' 


aall, London. 


Note.— The Date Mark is altered on the 30th May, in each 3-ear. 
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ISate Mark on Gold and Silver Plate and Watch Cases 


H marked at Goldsmiths* 


Hall, London. 


rNOTK— The Date Mark is altered oa the ,-,oth May in each year. 
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cliangeci in July of each year. ™ 
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Marks of other Asiay Offices. — 

Chester. — Hall mark, a sword 
between three wheatsheaves. Prior 
to 1779 it was three demi-lions and a 
wheatsheaf on a shield. Standard mark for i8-carat gold, a crown 
and the figures 18. For silver, a lion passant. 

Birmingham. — Hall mark, 
an anchor in a square frame for 
gold, and an anchor in a point- 
ed shield for silver. Standard 
mark for i8-carat !a:old, a crown and the figures 18 ; for silver, 
alion passant. The Birmingham Date Marks arc given on page 1^2. 

Sheffield. — A crown (silver only is assayed). 

KxETER. — A castle with three towers. 

York. — Five lions on a cross. Newcastle. — Three castles. 

Norwich. — A castle and lion passant. (The 
Norwich Assay office is now closed.) 

IvDiNBUROH has a thistle for the standard 
mark, and a castle for the hall mark. 

Olasoow has a lion rampant for thestandard, 
and a tree, a fish, and a bell for the hall mark. 

Dttblin has a harp crowned as the standard 
mark for sterling silver and for 22-carat gold, 
with the figure 22 added in the latter case ; for 
2o-carat gold, a plume of three feathers and 20 ; 
for i8-carat gold, a unicorn head and 18. The 

lower qualities of 15, 12, and 9 are 
marked with the same standard mark 
as is used at the London Hall. The 
hall mark for Dublin is a figure of 
Hibernia. 
For watch cases of foreign make, 
marked in Great Britain, special stamps have been provided as 
shown. That for gold is in the form of a cross, and for silver 
the mark is of octagonal shape. The representation of the sun 
only appears in the London mark. There is, instead, for 
Birmingham a triangle,and for Chester an acorn. 

Swiss Hall Marks. — In Switzerland the hall marking of watch 
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Gold. 
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o'755)- 



14-C (or 
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Silver. cases is only 
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when the article 
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Sterling 

Silver 

(or 0-935V 



hall mark is accepted as a substitute for the Swiss. ' 

Hammer Hardening. — \_Forgeage. — Metallhdrtung mitteisi 
dc: jY«;nw/fra.]— The only way of hardening brass and copper is 
liy compression. Hammering, if uniformly and skilfully done, 
answers better than rolling or other methods, but considerable 
practiceisnecessaryinhammerhardeiiing such apieceof brass as 
a clock plate, or it will be buckled or distorted out of all shape in 
the jjrocess. Steel of which watch pallets are made, which is 
required to be just as hard as will allow of its being worked, is 
compressed by rolling. 

Hammer Rode. — [ Verges de marteaiix. — DU Hammer- 
leitung {bei Thunitukre>i).'] — In a turret clock, the vertical rods 
that connect the movement with the hammers. 

Hammer Tail.— [i^KfKf de maricau.—Der Hammcrhebel.'] — 
In a striking clock, a continuation of the hammer stalk that is 
lifted by the pins in the pin wheel. 

'S&-S\A.'&,— {^Aiguilles. — Die Zeiger.~\—'^\\^ revolving pointers 
used to indicate the time on the dials of watches and clocks. 

Watch Handa. — The be-st way of taking off watch and chrono- 
meter bauds is to insert the points of two small gun-meta! levers 
like miniature crowbars, or steellevers like Fig. i, under thehour 

hand socket, one on either side; a > . 

piece of thin paper may be inter- ' ' 

posed between the dial and the %^_^^^,^^;= " ■ i -^a. 

hands. When the hands are re- 
moved in this waythereis no fearof ''^" '■ 
cracking the dial or deforming the hands. The points of the gun- 
melalleverswill occasionally requiretobedressed up. Formarine 
chronometer hands boxwood levers are ofteu used. In some cases 
there is not room to insert the levers, and then a good plan is to 
provide a pair of sound pliers without any shake at the joint, 
■with points shaped asin Fig. 2, and nicely hardened and poli.shed. 
^~-% They can be inserted between a ver^' close minute and 
V# hour hand. They retain the hand ; do not injure it like 

■' the nippers do, and are more under control than tweezers 
F'o- ^ shaped in the same way. 

A veryuseful tool for holding watchhands while broaching the 
hole is shown in Fig, 3. It consists of a lantern very similar to 
those used in the Geneva Screw Head Tool, with an extra long 
boss for the screw, and with the face of the lantern cut away, as 
shown in Fig. 3, to suit the hand. There is a knurled lock nutto 
ensure the hand being held fast when it is once jammed up, anda 
holeispierced right through thehandle of thetooltopermitof the 
pas.sage of the broach. A pair of sliding tongs with wide jaws, 
_ having a series of holes in it to let the bosses of different-sized 
HriWnds pass through (Fig. 4) also form a good tooV fo"c\.\\e.^Vi.\i^a5«., 
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III opening the hole of a watch hand to size, time will be satL, 
if, supposing the boss of the old hand is available, a broach 1» 
tried in the hole of the old hand, and the distance it will enter 
marked on it by pushing a slip of cork on the broach in front of 
the old boss. The new hand may then be broached out to the 
cork with confidence before tr>'iiig it on. 




F'g- 6- i ig 5- Fig. 7. 

If it is desired to close the hole of the minute hand, the comer 
of the boss may he turned off at an angle, leaving the metal thin 
round the hole, and the hand then placed on a stake and one 
smart blow given to the boss with a flat surfaced hammer. An 
hour hand too large may have a slit cut through the boss, which 
is then sprung together. Some use a stake with a series of 
conical holes, as in Fig. 5, for j)lacing the boss of the hand in. 
The hole is then closed by striking the hand ; but even with this 
stake, if the boss is very stout, the corner must be turned off. It 
it is better to broach a seconds hand out full large, and then give 
it a nip to make it grasp the pivot ; for if it is a thorxjughly 
good fit throughout the length of the boss, there is danger of 
breaking the pivot in removing it. 

A single stake with the hole a long taper and a slit for the 
hand is useful (Fig. 6). The hand is placed in boss down- 
wards and struck with a hollow punch, and afterwards reversed 
and the other side closed. 

It is a common practice, if a seconds hand has a long pipe, 
f " broach it full large, and give a nip to make it grasp a ptvol ; 
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'forthere is danger of breaking the pivot in remoxdiig the hand 
if a long pipe fits it throughout. A better plan, however, is to 
broach the long pipe from both ends till it fits. A short pipe 
will rarely fit too tight. 

A piece of brass wire mounted on a foot, as shown in Fig. 7, 
is a convenience when 
fitting watch hands, 
especially where there 
is a dust pipe. The 
top of the wire is 
slightly hpllowd to re- 
ceive the set square, 
and with a standard 
like this the dome of 
the case need not be 
opened. (See also 
Riveting Thimble.) 

Fig. 8 is Haswell's 
watch-hand gauge. 
The proper length for 
the hour hand for, say, 
a i2-sizeEnglish move- 
ment, is from the dot 
in the centre to the 
inner curved line by 
the fi^re 12, and the proper length of a 
hand is from the centre to the outer cun 

number may be taken as an approximate gauge for chroiiograpli 
and crystal case hands. A number with L added outside the 
snails indicates the gauge for hands for Swiss watch movements 
of that number of lines. 

Blackening Clock Handi.^Hauds for ships' timepieces or ex- 
posed positions, or blued hands that have rusted, may be black- 
ened by holding them over the smoke from a tallow candle and 
then lightly coating them with lacquer by means of a soft brush. 

Hand Vice.— [/i'/oM a mam.—Der Feilklobcn.']—A. small 
vice held in the hand. 

Hardening. — {^Ticuipe.—Fam-hartung^ — The operation of 
increasing the hardness of steel by heating it to redness 
and then cooling it suddenly. Bright steel should not be 
exposd naked to a fire or flame. It may with advantage be 
placed in a covered box containing bone dust or animal 
charcoal in some other form ; or another plan is to smear 
soap all over the article to be hardened. Water or oil is the 
medium generally selected for plunging the article in to cool it. 
Petroleum is recommended if extra hardness is desired. Either 
mercury or salt water will give great hardness, hut tlie st,e.«.\ 
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Oil is tile best medium for hardening 
(See Hammer Hardening). 
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Das Ha7idiad.~[ — Kxcept 
perhaps, for turning the finest of 
ftivots, there is no doubt that con- 
tinuous motion can with advan- 
tage be substituted for the to aud 
fro action of the bow when using 
the turns. Many watchmakers 
prefer a handwheel to a 
treadle for this purpose, as 
uiioer control, 
therefore, better suited 
for fine work. 
The most con- 
venient size for 
such a wheel is 
8J inches in dia- 
meter. It can be 
easily attached 
below the bench 
at a suitable 
height for the hand. The 
sketch shows a handwheel 
attached to the Triumpli 
Lathe with the rounding up 
accesHOiA* in posilioii. 

Hanging Barrel.— [5a m7/^' 
mspaidu. — EinsdligUHtaslulzUi 
}-'cderhaus.~\ — A going barrel 
whose arbor is supported only ^* 
the upper end. 

Hardy, 'WiUiam.— A cJoclc- 

maker oi repute who flourished 
at the begiuiiiug of thi.s century. Among other inveutious he 
devised a compensation balance, the principle of which will be 
understood from the sketch. Abandonmg the cylindrical 
laminae used by Arnold and Earnsha 
he used a straight laminated bar 
brass and steel, the brass being undi 
neath. A hole in the centre of the bar 
served to attach it to the staff, and at i 
each end of the bar was a stalk carrying 
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pherical weight. 

These weights could be made more or lessactivens compensators 

byscrewingthemupordown on thestalks which had threads cut 

them. Bv slighllv curving the laminated bar upwards or 
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downwards, the weights could be caused to approach or recede 
from the centre of the balance more or less as desired. At first 
sight it appeared that the difficulty of the middle temperature 
error had been overcome. But to obtain sufficient compensa- 
tion the laminated bar must be so thin and the stalks so long 
as to leave the balance wanting in rigidity. Nevertheless 
Hardy's attempt led to the invention of many other balances 
on the same principle, and therefore deserves to be recorded. 

Harrison, Jolin (born 1693 ; died at his house in Red Uon 
Square, and buried in Hampstead Churchyard in 1776). The 
son of a carpenter, he devoted his life to the improvement of 
timekeepers, and just before his death receivetl from the 
Government _^2o,ocio for producing a chronometer that would 
determine the longitude at sea to half a degree. His time- 
keeper, which is now at Greenwich Observator\', has a vertical 
escapement driven by a remontoire. It is in a silver case in 
the shape of a watch case, and is furnished with a going fusee 
and compensation curb. Harrison is also credited with the 
invention of the gridiron pendulum, though there is no doubt 
that Graham had some years before experimented with com- 
pensation pendulums composed of metal rods. As nearly as 
can be ascertained, Harrison invented the going fusee, which 
has proved to be the most lasting of his conceptions, about 
1750- 

Sarfcnup, John. — In 1849 he invented the compensation 
balance shown in the figure. The rinis are composed of brass 
and steel, as usual, but they are 
neither upright nor flat, but bevelled, 
or placed at an angle midway be- 
tween these two positions. The centre 
arm a is also bimetallic, the brass being 
uppermost, and connecting the arm 
with the sections of the rim are two ' 
other bimetallic strips b c, the brass 
of these being underneath, and the 
steel on top ; e e are the weights, and 
at the ends of the rim the screws for 
timing and poising. 

Heart Pieoe.—[ Cu^wr. — Das Heiz.~\ — A heart-shaped cam 
used in chronographs to cause the chronograph hand to fly 
back to zero. First applied by Mr. A. Nicole in 1862. (Patent 
No. 1461.) 

Hewitt, Thomas. — A chronometer maker who devised 
many different forms of compensation balances ; (bom 1799. 
died 1867). 

Hindley, Henry (born 1701. died 1771). He was a clever 
■ clockmaker at York, and the inventor of a wheel cutting engine, 
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Hollow Fusee. — [Fuslca canepa^c. — Schnaken. _ 

lent Aiijsicksapjm.'] — A fusee in which the upper pivot is sunk 
into the body of the fusee ; the object being to obtain a thlmier 
watch than would otherwise be possible. 

Hollow 'B\nioJi..—\_Pigno}i.—perfe. — Das Nohlhieb.']-~h 
pinion pierced throughout its length, such as the centre pinion 
in three-quarter plate watches. 

Hooke, Robert (born at Freshwater, Isle of Wight, in 
1635 ; died, and buried at St. Helen's, Bishopsgate, in 1703). 
He invented the balance .spring for watches about 1660, anil 
the anchor escapement for clocks a few years later. 

Horizontal Escapement.— See Cylinder Escapement. 

Horologpical Institute (The British). — Au Associaiion 
of watchmakers founded in 1858 for forthe purpose of advanciug 
the Horological Arts. It has now a commodious building in 
Northampton Square, Clerkenwell, where classes are conducted 
for Teaching Drawing and Theor>', Certificates of competency 
are issued to repairers after examination. The Institute also 
publi,shes monthly an illustrated Horological journal devoted 
exclusively to technical matters. Members of the Institute pay 
a guinea, and corresponding members half a guinea a year. It 
isgo^'erhedbv a Council of about30 members. LordGrimthorpe 
is thePresident and Mr 1 J Britten the Secretary. 

\ChralIet — Dai Ptobirgcslcll ?\ — A wooden stand) 




■ for supporting a snnll clock nio\ tmcnt while it is being brought 

■ to time. The foldnig horse shown in Fig. i is a good patterHi 
^I in which amoienient may be easily adjusted and held secu^dy- 
^■i'^ 'ide at the back is a recent iniprovi ' 
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^r Fig- 2 is of raetal. Througli tlie arms, c c, are holes so that a 
regulator movement can be secured by the screws that fasten it 
to the seat board. The sliding bar, a b, terminates, in a slit 
with adjusting screw, by means of which the pendulum cock 
may be clipped. For round movements suitable wire clips are 
passed over the extremities of the arms, c c, to keep thera 
immovably a suitable distance apart. 

Hour Rack. — {^Ralcau (Cknircs. — Der Siundmrvcken.'y—T'hs 
rack in a striking clock that is moved one tooth for each hour 
struck. (See Striking Work.) 

Hour Wheel.— peoMc d" henres.~Das Siunde>irad.]~Tbe 
wheel that carries the hour hand. (See Motion Work.) 
' Hunter. — [.Uonire Savonnelte. — Die •Jagdiikr.'] — A watch 
case that has a metal cover over the dial. 

Huyghens, Cliristiau (born 1629, died 1695). A Dutch 
ruathematican, author of Horologium Oscillalorium, Paris, 1673. 





l-ig. I. Fig. 2. Fig. 3. 

To him isdue the credit of first applying the pendulum toclocks. 
Huyghens' clock is shown in Fig- i. The upper part of the 
pendulum is adoublecord hanging between twocycloidal cheeks 
to give a cycloidal path to the bob- Fig. 2 gives a better idea of 
this device, which was no doubt of advantage with the long arcs 
required by the Verge Escapement. AnotherfeatureofHuyghen's 
^^lock is the maintaining power. P(Fig, 3) is the driving weight, 
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supported by an endless cord passing over the pulley d attached 
to the great wheel, and also over the pulley h, which is provided 
with ratchet teeth and pivoted to the inside of the clock case. 
The cord vi is pulled aown to wind the clock, and the ratchet 
wheel H then runs under its click. So that while winding, as in 
going, one-half of p minusone-half of / is driving the clock. 
The pulleys d and h are spiked to prevent slipping of the cord. 

When this ingenious maintaining power is applied to a clock 
with the striking train, the pulley with the ratchet is attached to 
the great wheel of the striking part, one weight thus serving to 
drive both trains. A chain is preferable to a cord, owing to the 
dust which accumulates in the clock through the wearing of the 
latter. The drawback to the arrangement is that it is not suitable 
for clocks going more than 30 hours between windings. It is 
however worth knowing that a 30-hour striking clock otf this 
plan can be readily converted to an 8-day non -striker by.simply 
disconnecting the striking work. 

Hypocycloid. — [^Hypocycloide, — Diellypocycloide,'] — A curve 
generated by a point in the circumference of a circle when it 
is rolled within another circle. The proper shape for the teeth of 
wheels that are driven by others having epicycloidal addenda. If 
the tracing circle is half the diameter 01 the one within which it 
rolls, the hypocycloid will be a radial line. (See Wheels and 
Pinions.) 

Ice Box. — {Glaciere, — Die Eisbuchse.'\ — A chamber in which 
chronometers and fine watches are placed when they are being 
adjusted for varying temperature. The metal receptacle for the 
chronometers or watches is surrounded by a space for ice ; the 
outer vessel has a tap to drain off the water, and is covered with 
some non-conducting substance. 

Great caution is needed in usingan icebox, to preserve the steel 
work from rust caused by condensation of the air. Mr. Arthur 
Webb places his chronometers in a brass boxwith a cover screwing 
against a waxed joint to exclude the air. Whenever this box is 
taken out of the ice box, it is allowed to remain unopened for about 
three hours, and as a further precaution the balance and springare 
washed in benzine after a chronometer has been subjected to ice. 

Idle Wheel. Intermediate Wheel.— [^^z^^/. — Das Ver- 
mittelungsrad.'\ — (i) A toothed wheel used to connect two others. 
Anidlewheel introduced causes the follower to rotate in thesame 
direction as the driver, that is, reversing the motion it otherwise 
would have. 

(2) A guide wheel used to change the direction of a driving 
belt or cord. 

Impulse Pin. Ruby Pin. — [ Chevilled' impulsion . — Derlni' 
pulshebel {Anker)']' A pin in the roller of the Cever Escapement 
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that works into ihe noicli of the lever. On entering the notch 
unlocks the escape wheel. It then receives impulse from the 
lever, and passes out of the notch from the opposite side. 

Inclined Plane Clock. — Auy watchmaker who wants an 
attraction for his ;^hop window might do worse than make an 
inclined plane clock, as shown in the sketch. There is a train of 
~ wheels and an es- 

capement as in a 
watch. The great 
wheel a carries 
the hand and also 
the weight i. The 
clock never re- 
quires winding. 

ng. simply placed 
at the top of the 
inclined plane, 
down which it gradually rolls during the day, the hand pointing 
tothehourniarkedon adial.whichdf course covers the mechan- 
ism. If the centre arbor goes round once in 12 hours the length 
of the plane had better be more than twice the circumference of 
the clock case c. Its inclination may be regulated by the screwy. 
The hand might be in the form of a serpent's head, or other 
grotesque design. 

Independent Seconds. — [Siro/iiie hidepeHiiau/c. — Die 
sprhigcnde Seciindc. j — A watch havingaseconds hand driven by a 
special andseparate train. Theiude pen dent seconds hand gener- 
ally beats full seconds. It is discharged by a push piece running 
through the pendant, which releases a flirt on the last arbor of 
the train. This flirt regulates the progress of the hand, by 
taking into a pinion on the arbor of the escape pinion. 

Independent Seconds Train. — For 18,000 movement in which.] 
the escape pinion has six leaves. 

First Wliccl . . Ho 

Second do. . . 64 

Third do. .. 60 

Fourth do. , . 60 

Fifth do. ,. 48 
The train is arranged on the pillar plate. The first wheel is on a 
small separate barrel. The fonrthwheelpinion of the independent 
train carriesthe seconds hand, and passes throughapipescrewed 
to the centre of the plate. The canon pinion fits freely on this 
pipe, and the motion work is driven as described under the head 
of "Centre Seconds." The last pinion of the independent traiu 
carries a flirt which takes into the leaves of the escape pinion of 
^the usual train, The flirt, and therefore the last pinion of the 
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independent train, thus make six revolutions for each one of 
the escape pinion. It is essential that the centre wheel of the 
independent train should rotate once in a minute, and that the 
flirt should revolve once in a second. If, therefore, with an 
18,000 train and escape wheel of fifteen teeth a higher num- 
bered escape pinion is used, a separate pinion of six for the 
flirt to take into is fixed on the escape wheel arbor. 

Index. Begulator. — {Raquette, — Der Rucker.']--K small 
lever, the shorter end of which carries the curb pins which 
embrace the balance spring of a watch. The longer end 
through which it is moved serves also as an indicator of ^the 
alteration in the position of the curb pins. 

In fitting a Swiss Index it often hap- 
pens that one is found rather small m 
the bore. These indexes are flint hard, 
and with the special pliers shown in 
the sketch they may be readily split, 
thus slightly opening the hole and 
securing the elastic spring fit of an 
English Index. 
Inertia.— [/w^r//>. — Die TrdgheiL'] — The property of bodies 
that impels them to resist being brought into motion if they 
are at rest, and to resist being brought to rest if they are in 
motion. Inertia is directly proportionate to the mass of a 
body. The moment of inertia of a rotating body is its mass 
multiplied by the square of the distance of its centre of gyra- 
tion from its centre of motion. 

Ingold Fraise.— [/>aw^ higold, — Die l7igold^rdse,']—k 
pinion -shaped cutter used for correcting inaccuracies in the 
sharp of wheel teeth, invented by Ingold, a Swiss watchmaker. 
This consists really of a hardened pinion with square, sharp 
points. The fraise is gradually brought into depth, in a speci- 
ally arranged depth tool, with a wheel whose teeth are incor- 
rect, and rotated the while by means of a ferrule and bow. 
The f raises do not supersede the Rounding Up Tool, but may 
often be used after it with advantage, for if a wheel contain 
any thick teeth they would not be corrected in the Rounding 
Up Tool, which also of necessity leaves the teeth slightly 
hollow. The fraises cut the teeth in the direction they move 
on the pinion in working, and, therefore, leave a surface which 
works with the least friction. 

A fraise for any particular wheel should be chosen so that, 
when placed upon the wheel, the fraise does not bottom, but 
just touches the sides, and almost closes over the middle one 
of the teeth engaged, at the same time just making contact 
with the teeth right and left. If the fraise chosen is too large, 
it will cut a jagged and uneven tooth ; and, if too small, mil 
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leave a ridge or shoulder on the tooth; in this, as iu every- ■ 
thing else, practice makes perfect As a guide at first, it will 
be prudent to use the sector to ascertain the most suitable fraise 
for use ; thus — place tht wheel to be operated upon in the sector, 
and choose a fraise of such a size as will correspond, not to the 
size indicated by the number of its teeth, but to two teeth less. 

lav6l\lte.—\_/nvo/uie.^Bie flache Spiralform.']—K curve 
traced by the end of a. string as the string is unwound from a 
roller. Wheels with involute teeth, though at one time thought 
much of, because the teeth in action roll upon each other, are 
now rarely used, as with them there is more pressure on the 
pivots than with epicycloidal gearing. 

Zxon.—YFet . — ^ai £■««;.]— Cast Iron' is the crudest kind 
of manufactured iron. It is brittle, and will not stand much 
tensile strain, but resists crushing force well. Besides sulphur, 
phosphorus, silicon, manganese, and other impurities which 
var>' in the produce of different districts, cast iron contains 
about 3 per cent, of carbon. Cast iron cannot be forged, but 
is shaped by being poured into moulds when melted. 

Wrought Ikon is obtained by puddling cast iron [i.e., stirring 
it after it is heated to fluidity), whereby many of the impurities 
are removed, and much of the carbon burnt. The chief dis- 
tinction in the composition of cast and wrought iron is tlie 
amount of carbon, which in the latter is but about '2 per cent. 
Though inferior to cast iron for sustaining thrust, wrought 
iron hears a much greater tensile strain, is tougher, and may 
be forged into different shapes. Special qualities prepared for 
electro magnets and the like contains less thau -a percent of car- 
bon. Recently, by the admixture of but i per cent, of alumini- 
um, castingsofwrought iron, 'Mitiscastings,' have been produced 

Steel is pure or nearly pure iron, containing from -5 to 2 per 
cent, of carbon, that is, more thau wrought and less thau cast 
iron. In the cementing process of steel making, wrought iron, 
specially selected as free from impurity, is subjected in a closed 
vessel with charcoal to a temperature of 2000° Fahr. for several 
days, until the iron is impregnated with the required amount 
of carbon. By this means " blistered " steel is produced. To 
obtain "cast" or "pot" steel for tools, blistered steel, contain- 
ing about i'5 per cent, of carbon, is cut into small pieces and 
melted in a covered crucible of Stourbridge clay. For other 
purposes pieces of blistered steel are cut up and welded 
together, becoming what is called "shear" steel. Owing to 
the inventions of Mushet, Bessemer, Siemens, and others, mild 
steel for railway and ship construction, containing about -5 per 
ceut. of carbon, is made by selecting cast iron free from .sulphur 
audphosphorus, and blowing thecarhon out of it when itismelt- 
k, ed. Purecast iron, sufficiently rich in carbon to give the whole 
■|^5s the proportion required, is then mixed m\^\t. "t'^e-'jitM 
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l%nce ot sulphur, phosphorus, or silicon makes steel brittle; 
manganese is said to render it less liable to become magnetized. 

Isochronous. — [Isoc/nvne—Zeilg-feieh,'] — Literally, moving 
in equal times. Abalance springissaidtobeisochronouswhen 
it causes both the long aud the short arcs of the balance to be 
performed in the same time. The \-ibrations of a pendulum are 
called isochronous when they are all of the same duration, 
irrespective of the extent of the arc through which the 
pendulum travels. (See Balance Spring.) 

Isolator. — \Jsolaimr.~~Der Iso!atiovshcbcL'\ — In a niinnte 
repeater, a device for keeping the ch'ck from contact wth tlie 
surprise piece on the minute snail till the slide in the band of 
e IS pushed round. 
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Jacot Tool.— j; To\ir Jc 
used b>' watch jobbers for 
renovating pivots by burnish- 
ing. One end of thedefeclive 
■boris centred, and thepivot 
be burnished rests on a bed 
5)r slot, of which several of 
different sizes are formed 
round the edge of a thin steel 
disc. For operating on the 
points of pivots another disc 
IS provided, having different- 
sized holes round it, through 
one of which the pivot is 
projected. 

In almost every watch- 
repairing job the pivots re- 
quire reburnishing, and al- 
I fliough some English jobbers 
^tick to the turns i t is gen erall y 
idmitted that by means of 
Jacot Tool, pivots can 
*'be more easily and quickly 
renovated. The burnisher 
being supported parallel to 
the axis of the pivot, it is 
impossible to make the pivot 
smaller at one end than the 
other, which is very often the 

■case when pivoting is at- 
tempted in the turns by the 
fedinary run of jobbers. 
I A new tool should be taken 
Dart and thoroughly cleaned 
Kfore use, in case of emery 
Wgrit having been left in it. 
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To ensure absence of all burr, which would scratch the pivots. ' 
the beds should be polished out with boxwood and diaiiiantine. 
In the very finest tools the beds are jewelled, and then, of 
course, this precaution is unnecessary. The face of the lantern 
or disc with holes for rounding up pivots should be polished, 
and the holes also, by means of a liue wire polisher. Some 
watchmakers remove the lantern altogether, and substitute one 
of German silver, as being less likely to scratch the pivots. 

A recent improvement in the Jacot Tool is a loose pulley or 
ferrule and carrier, which may, by turning a screw passing 
through the body of the tool below the driving runner, be ad- 
justed to suit work of different lengths. This improved tool. 
with extra runners and a pivot gauge, is shown in Fig. i ; at 
the top right hand comer of the figure is a guard, which is 
occasionally useful for attaching to the runner, so as to prevent 
the file or burnisher from running over the shoulder of a pivot 
and injuring the work. 
Fig. 2 is a section of the burnisher used for straight pivots ; 
^^^^ ^^_ Fig. 3 that for conical 

^^^B ^^B ^^^k .^^^bi^ pivots; Fig. 4 is suited 
^^^* ^^^ for cutting back 

Via- 3. i%- 3- I'' is- 4- I'if;- 5' shoulders; and Fig. 5 

ior rounding off pivots. Burnishers for conical pivots are, of 
course, varied in form to suit different shaped pivots. The 
angles .shown are adapted for use when the operator works at 
the Jacot Tool cross-handed as foreign watchmakers do. 
Many Knglishmen work right-handed, and in that case the 
angles are reversed. 

The greatest care should be taken of the files and burnishers 
u-sed with the Jacot Tool. They should have thin and light 
handles, and be kept in paper cases to avoid contact with other 
tools on the board, or they will soon become notched. T/iin 
oil should be used with the burnisher. Its action is then more 
sensitive to the touch than when thick oil is used. 

The "Universal" pivotfileandburnisher, now to be obtained, 
is verj' compact, with very light metal handles. One part of 
the tool is formed for straight, and the other for conical pivots. 
Jewelled.^ — [Emfiierr^. - Mit Sidnen verse/ie?i.'\ — Fitted with 
precious stones to diminish wear. In a watch all the escape 
pivots and the fourth wheel pivots usually run in holes made ot 
jewel. The watch is then said to have four pairs of holes 
jewelled.ortobe jewelled in eight holes. In addition the acting 
parts of the pallets and the impulse pin of the escapement are 
.ilways of hard stone. Sometimes the whole of the holes are 
jewelled. In the best class of work sapphires or rubies are used. 
in a lower grade crystal, and in the commonest garnet. In good 
clocks the pallets and verge holes are jewelled. In thorough. 
holes, such as are used for the train, the \jo\.tom ^ev)eWQ\K.'\^ 
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usually fitted into a recess hole turned in the plate, and the metal 
rubbed over in the form of a rivet to secure it. In the upper 
plate the jewel hole is sometimes fixed in a loose setting, and 
held in its place by the heads of two screws tapped into the 
plate close to the recess. In watch escapement holes, where 
end stones are used, the jewel in a loose setting is fitted into a 
recessed hole, and upon it is laid the end stone which is also 
set in metal. The heads of two small screws tapped into the 
watch plate or cock, as the case may be, serve to secure the 
jewel hole and the end stone. With screwed jewels the cham- 
fer is often left too flat, so that the pivots enter their holes with 
difficulty. It should be a steep basin shape. 

A jewel, pierced not through its axis of cr>'stallization, some- 
times presents a ridg>' appearance which no amount of polishing 
will remove. Such a hole will rapidly cut the pivot working in it. 
A diamond end stone, whose surface is not coincident with the 
line of cleavage, will also wear away the end of the pivot in 
contact therewith. Such a stone is occasionally met with in 
the balance cock of a marine chronometer. 

Ruby, which is really a red variety of the sapphire, though it 
has a rich appearance, is said to exert a deleterious influence on 
the oil used for lubrication, and many watchmakers accordingly 
give the preference to sapphires of a light bluish tint. The rela- 
tive hardness and other particulars of jewels will be found 
under the head of Precious Stones. 




Screwed Jewel with I^nd Stone. 



Jewel Rubbed in. 



In making a jewel hole, a suitable stone is selected and flatted 
to a proper thickness by holding it against a diamond mill which 
is kept wetted. The operator covers his finger with a wet cloth 
to preserve the topof his finger from injury and keep a suflBciency 
of moisture to the stone. If the stone is much out of round, its 
edge may be nipped with pliers till it is more shapely. It is then 
shellaced to a small brass chuck, turned on one side with a 
diamond cutter, polished, andahole drilled half-way through the 
stone with a diamond drill. The cutters are fragments of 
diamond that present a good cutting edge, and the drills are 
selected from needle-shaped pieces of bort. Both are inserted in 
handles of annealed brass wire drilled up sufficiently far for the 
diamond to be inserted large end first ; the end of the brass wire 
is then squeezed over the diamond with pliers. A very high rate 
of speed is necessary in turningand drilling the jewels, which are 
kept moistened with water duringthe operation. Even with great 
speed muchskill is required to plant thedrillat once in the centre 



oTrotation, and if the centre is missed a tit is formed whicTi 
gives trouble. The stone is reversed on the chuck and the other 
side brought to shape, drilled, and polished. For polishing, 
formersof brass to begin and boxwoodto finish, corresponding to 
f.ie shape of the part of the stone under operation, are used with 
diamond dust and oil. For soft stones the formers are of lead, and 
u.ied with tripoli and water instead of diamond dust. The hole is 
polished with pieces of tapered copper wire and finished with a 
tooth from a tortoise-shell comb. In the American factories the 
wireisheldin alive spindlerapidljTotated in the reverse direction 
to thejewel.with the advantage of getting over the work quicker, 
and also securing more perfect roundness of the hole. Flat 
surfaces of stonesare polished on a glass plate with diamond dust 
andoil.acorkorpegbeingusedtopressonandgivemotiouto the 
jewel. If a jewel is to have a screwed setting, it is sometimes set 
before the hole is opened. 

For examining jewels and other small material 
kept in bottles, a little glass dish like the sketch 
is useful. It has a lip for readily returning the 
contents of the dish. 
Jewel Setting. — The plate or cock having been set true in the 
lathe, a hole is drilled so much less in .size than the jewel as to 
allow of a firm seat for it. The hole is then enlarged to the 
required depth so as to just admit the jewel, and the seat formed 
exactly to the shape of it byatooUikePig. 4, the nose of which 
is left either flat or curved, according to the contour of the stone. 
The jewel may be shellaced to the end of a piece of wire for 
trying it in. A groove is turned round the hole in the plate, to 
leave a little metal to be rubbed over Ihe stone. The stoneis then 
pressed into its seat with a finely pointed peg, and the brass 
rubbed carefully over it. This is done with a 
burnishershapedpreferablyhkeFig. 5, nicely 
roundedand polished on a leather buff. While 
using the burnisher it is occasionally put to 
the tip of the tongue or drawn over the palm 
of the hand, for if it is perfectly dry it is apt 
to tear the brass. If the burnishing is cleanly 
donewithawell-pohshedtool,alittIeredstnff 
on a peg will make a nice finish. The plate I 

or cock is then reversed in the lathe, and the F'g- i- F'g- 5- ?'£■ ^■ 
metal turned back at an angle, or stripped as it is called. For this 
purpose a very lon^-faced graver like Fig. 6 is used. After 
whetting this graver it is polished with as much care as the finest 
piece of steel work would be, for on the degree of polish of the 
graver depends the brilhancy of the stripping. 

Jevelling Rest. — Supplied with some of the American latt\.e.?. 
is a jewelling rest in which the cuUer is camei'b'V 'i"t«-o1' 
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pair of sector-like arms. The stone for whiijli the settingii 

be bored out is placed between ~ 

the jaws of the sector twice as 

far from the joint as the cutter is. 

When the sector is closed, its 

arras are in a line with the centre 

ofthelathe. Then if the edge ot 

the cutter is exactly coincident 

with the lathe centre, and in a 

line with the face of the arm. it 

will clearly bore out the setting 

to fit the stone. Fig. 7 is 

view of this iugeuious rest. 

occupies the position of the back | 

centre of the lathe, and would be I 

useful for boring out wheels. Fig. 7. 

sinks in plates, and many other purposes. 

To Widen a Jewel Hole. — Chuck the hole in a lathe with 
cement. Place a spirit lamp underneath to prevent the cement 
hardening. Hold a pointed bit against the hole while the latbe 
is running until the hole is true, when remove the lamp. The 
broach to widen the hole should be made of copper, of the size 
and shape required, and the point after being oiled should be 
rolled in diamond dust until it is entirely covered. The diamond 
dust should then be beaten in with a burnisher, using very 
light blows so as not to bruise the broach. After the hole is 
widened as desired, it requires polishing with a broach made 
of ivory and used with oil and the finest diamond dust, loose 
(not driven into broach). 

Jewel-Setting Eubber.^Watch jobbers often find it handy to 

have tools to raise a jewel setting in order to replace a damaged 

■H hole, and to bur- 

T \Tr^^^^^ "'^'^ ^*^ setting 

*^^ ^^ ^^^^^^^^ WM^^M^^^^P '^'^'^^ again. The 
^^^^^^^^^^^^^ points of the one 
P'S- S- in Fig. S are for 

lifting the setting, the tool being rotated between the finger 
and thumb, and the points opened by means of the screw as 
may be required. For rubbing over the setting again, a tool 
with the points the reverse way is used. 

Donble Cutter Jewelling Tool.— In this, shown in Fig. 9, are 
two cutters follow- ~~ 

ing each other, 
one for the sink 
and one for the 
of a jewel seat. 
5rt?y can be pre- " V\%, q. 
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^^Hously adjusted and tried on a waste piece of brass, with the 
assurance that when the plate or' cock is operated upon, the 
work will be correct. 
Jewel Settine Rubbers and Cutters are often attached to the 



runner of an 
Uprighting 
Tool, and a 
handy adapta- 
tion of this 




Joint Push- 

er. — [Pousse 
^^_^^___^^^^ goufiUc— Der 

Fig. iQ \Schamierstif_i- 

driicker.'] — A round piece of tempered steel, used generally in 
a wooden handle, for forcing small pins into or out of position. 
A tight pin is started much easier by impact than by pressure, 
and a good plan is to have a punch or joint pusher with a 
square body which is clasped in the \ice, not tightly, but just 
so as to hold it in the position. If then the work is held in 
one hand against the point of the joint pusher, the other hand 
is at liberty to give the head of the joint pusher a slight tap 
with a hammer. 

Jumper.— [5«i(/o7'r. — Der Sternkegel {Schla^ uhren),'] — A 
click in the shape of an obtuse wedge, which is pressed into 
the space between two teeth of a star wheel by a spring. A 
tooth of the star wheel in passing pushes the click back till it 
gets just past the point of the wedge, when the latter jumps 
the wheel forward and falls into the next space. 

Jurgensen, "Urban fbom 1776, died 1830). An eminent 
Danish watchmaker. Aiithor of The Higher Horological Art 
a'ld Princjpes de la Memre dii Temps. — Jurgensen was associated 
with the leading men of his day. He experimented with com- 
pensation balances made of brass and platinum, and strongly 
advocated the use of gold springs for marine chronometers. 
He made many excellent chronometers for the Danish navy, 
and very successful metallic thermometers. ■ 

Kendall, Larcum. — A watchmaker who in 1769 manufac-J 

tured a duplicate of John Harrison's celebrated prize chronorfl 

meter. " 

\ Kew Observatory.— The trial for Class A Kew certificates 

^Bb divided into eight periods of five days eac\i", i5.t,'^e.'a6.Mv't\sJj-, 
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2nd, pendant right; 3rd, pendant left; 4th,dialupinrefrigeTator 
(about 40° Fahr.); 5th, dial up in room Tabout 65° Fahr.) ; 6tli, 
dial up in oven (about 90° Fahr.) ; 7th, dial down in room ; 5tli, 
pendant up. All but periods 4 and 6 are at the ordinary tempera- 
ture of the room. The 4th, 5th, 6th, and 7th periods are each 
extended one day, and on the first day of each the watch is not 
rated. To obtain the certificate, the daily rate must not exceed 
10 sees. ; the 7nean dtj^erenceof dsAly rate during each period must 
not exceed 2 sees. ; the difference of mean daily rate between 
pendant up and dial up must not exceed 5 sees., and between 
pendant up and any other position, 10 sees. ; change of tempera- 
ture must affect the daily rate by less than one-third of a second 
per degree Fahrenheit. The behaviour of a watch keeping/wj/ 
within the limits throughout the trial is appended. 

Mean daily rate . . gaining 9*9 sees. 

,, variation of daily rate i'9 »» 

♦» »» t« lor ix*. .. .. .. •• 03 »» 

Difference of mean rate between pendant up and dial up . . 4*9 „ 

pendant rii?ht.. 9-9 „ 

M „ „ „ pendan^tleft .. 99 „ 

„ „ ,, dial up and dial down .. 9*9 „ 

It will be observed that the mean variation is taken into account. 
For instance, between pendant up and dial up the piece may 
vary more than 5 sees, between one day and the next, provided 
the MKAN daily variation of the pendant up period does notdiffer 
from the mean daily rate of the dial up penod by more than 5 sees. 
Marks, showing the excellence of the watch, are awarded to A 
certificates : 100 marks representing absolute perfection, that is, 
40 for no variation of rate, 40 for no change of rate with change 
of position, and 20 for no temperature error. A watch just touch- 
ing the limit of variation allowed would get no marks, and for 
every mark obtained the 2 sees, limit would have to be reduced 
•05, the 10 sees, limit -25, and the temperature error 'ois. The 
words '' especially good'' are added to an A certificate when the 
watch obtains 80 marks and upwards. 

For B certificates the watches are tried 14 days pendant up, 14 
days dial up, one day in the oven, one day at temperature 01 the 
room, and one day in the refrigerator ; variation limit in each 
position 2 vSecs., and between hanging and l5dng 10 sees. 
'* Especially good'' when the 2 sees, limit is reduced to 075 sec., 
the 10 sees, to 5 sees., and the temperature limit 0*2 per sec. Fahr. 

Class C — 8 days pendant up, and 8 days dial up ; variation as 
in Class B, No temperature test. 

Keyless. — \^Sans clef, — Mil Bugelau/zug,'] — Capable of being 
wound without a key. 

Eocking Bar Xeyless Mechanism. — ^The action of the keyless 
mechanism most generally adopted in English going-barrd 
watches will be understood from Fi^. i , For winding the watch. 
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connection has to be made between theserrated button projecting 
above the pendant, and the wheel to the left hand of the figure 
which is attached to the barrel arbor. For setting the hands the 
winding connection must be broken, and connection made with 
the minute wheel on the right hand of thefigiire, so that it may be 




actuated ineitherdirectionhytnrning the button. Three wheels 
geariugtogetherareplauted on the rocking bar. The middle one 
rides freely on a stud which projects from the rocking bar. This 
stud forms the centreofmotionofthe rocking bar, which isfree to 
move upor down so as toen gage with either thebarrel wheel ortbe 
minute wheel. In its normal position the connection is with the 
barrel wheel. A springfixedat one end to the pillar plate presses 
against a small stud on the rockingbar just sufficiently tokccp the 
winding wheels in gear. A contrate wheel squared on to the 
stem of the winding button gears with the middle wheel on the^ 
rocldng bar. As the button is turned for vnnAimg, &e \^3fl 
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ance of the barrel wheel ensures the safety of its depth with 
the wheel on the rocking bar. When the knob is turned the 
reverse way, the teeth of this latter wheel slip over the teeth of 
the barrel wheel. To prevent the barrel wheel running back, 
a spring click is shown in the drawing. When any strain is 
thrown on the click, the end of it butts against a pin screwed 
into the plate, but during winding there is a space between this 
pin and the end of the click, so that if the mainspring is wound 
tightly the wheel is allowed to recoil a little till the end of the 
click touches the pin. Undue strain is thus taken off the main- 
spring, and there is no fear of the escapement banking, which is 
often observed after careless winding where no such provision is 
made. (For other forms ofRecoiling Clicks see* 'Barrel Ratchet.") 

A solid click like the one shown on Page 68 is generally pre- 
ferred. When this is used a line drawn from the centre of the 
wheel through the point of the click will be a guide for the 
position of the click hole which should form with it an angle of 
about ioo°. Sometimes the hole is much farther out and then 
with careless winding the click may be jammed or forced from 
the wheel altogether. Whatever kind of click is used, it is most 
important that it should be planted so that the points of two 
teeth of the barrel wheel are never presented to the wheel on 
the rocking bar with which it gears. If this precaution is dis- 
regarded, these wheels will butt on going into action, the wind- 
ing will be unsatisfactory, and there will be danger of stripping 
the teeth of the wheels. The hole in a solid click should be 
slightly oval, so that the nose of the click is certain to reach 
the bottom of the tooth. 

The balance of opinion is that a bevelled pinion working into 
a bevelled wheel does not answer so well as the contrate wheel 
arrangement shown in the drawing. With the bevelled pinion 
the strain in working tends to tilt the rocking bar. When the 
contrate wheel is used, the teeth on the under side of the wheel 
with which it gears should be rounded. To ensure smooth 
working this wheel should not be exactly opposite to the pendant, 
but a trifle to the left towards the barrel wheel. The smaller 
wheel running between this and the barrel wheel should be 
pitched rather shallow into both of the wheels with which it 
gears. There should be a stop to prevent it running too deep 
with the barrel wheel. This intermediate wheel is sure to get 
deeper with wear, and if full at first the winding is likely to 
become rough in consequence. 

For setting hands a push piece, projecting through the band 
of the case, is pressed with the thumb-nail, so as to depress the 
right hand side of the rocking bar till the wheel on that side 
engages with the minute wheel. The thumb-nail presses on the 
push piece till the operation of setting the hands is completed/ 
''ud directly the push piece is released the winding wheels en- 
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gAge again. In many instances a wheel on a stud is placed 
between the rocking bar wheel and the minute wheel to 
ensure a correct action. Whether an intermediate wheel is 
used or not a curve struck from the centre of motion of the 
rocking bar through the centre of the right hand wheel of the 
bar should pass through the centre of the wheel with which it 
engages. Otherwise the Hand is I^iable to J(.:mp when 
the setting wheels enter or leave contact. 

The push piece in the edge of the case 
for setting hands is at best an eyesore, 
and affords an inlet for dirt. Among the 
devices for setting hands at the pendant. 
the one shown in Fig. 2, the invention, I 
believe, of the Waltham Company, is 
worth attention. The keyless work is of 
the usual rocking-bar kind, except that a 
light spring to the rocking bar keeps the 
setting wheels in action. In the pendant 
is a steel spring sleeve, split into four \ 
from the lower end for nearly its whole 
length. This sleeve is kept into its place 
by a screwed bra.ss plug. Normally, the 
spring that would keep the setting wheels 
into gear is overcome, and the winding wheels are kept into 
gear by the lower end of the sleeve pressing on a collar on the 
winding arbor. When it is desired to set hands, the button is 
pulled out, the lower end of the sleeve is sprung open by the 
pressure of the bevelled face of the collar, and the sleeve closes 
on to the arbor again below the collar allowing the set hand 
wheels to be in contact. When the setting is completed, the 
button is pu.-shed down again, and the arbor returns to the 
position shown in the sketch. 

Shifting Sleeve Keyless ffleoh&nism. — The usual form of keyless 
work used in Swiss watches is shown on Page 68. A bevelled 
pinion with clutch teeth underneath rides loose on the stem of 
the winding button, and gears with bevelled teeth on the face 
of the large wheel which is just below the pendant. The part 
of the winding stem below the bevelled pinion is square, and 
upon this part is fitted a sleeve with clutch teeth corresponding 
with those on the bevelled pinion at its upper extremity, and a 
contrate pinion at its lower extremity. A groove is formed 
around the sleeve, in which is a spring pressing the sleeve up- 
wards so as to keep the clutch teeth engaged. While the clutch 
teeth are so engaged the winding may be proceeded with. To 
set hands a push piece projecting through the band of the case 
acts on a knuckle of the spring just mentioned, so that as the 
push piece is pressed in the spring draws the sleeve away from 
the clutch teeth of the bevelled pinion a.u4 blinds. "Oat ^LQ-oW'aSR. 
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pinion into gear with a small wheel, which latter gears with 
the minute wheel. 

The remarks on the depths, click, &c., in the description of the 
Rocking Bar Mechanism are equally applicable to this form. If a 
stiff click is used, as shown on Page 68, it should be short, and 
planted so that the liole in theclick, the point of the click, and the 
centre of the barrel are almost in a line. The click in the drawing 
would bear to be even a little shorter with advantage A short 
click planted in this way permits a little recoil after the watch 
is tightly wound. 

Fusee Xeyless Work. — The simple keyless mechanism used for 
going barrels is not suitable for the fusee, because in the latter 
the mainspring is wound by turning the fusee, and accidental 
pressure on the button would most likely stop the watch if 
the winding wheels were left in action after winding. 

PMg. 3 shows a ver>' clever arrangement of fusee keyless work by 
Mr. W. Chalfont. The large circle on the left represents the 
winding wheel on the fusee, and a smaller circle to the right of 
it the minute wheel. A wheel and pinion gearing together are 
mounted on a platform as shown. The platform is screwed to the 
plate, but the hole through which the screw passes is slotted, so 
th at the pi at for ni i s f ree to m ove horizontally for a limited distance. 
Aspringfixed to the plate pressing on a pin in the platform pushes 
it to the right till it is stopped by a space bet^\'een two teeth of the 
pinion coming into contact with a pin in the plate. This is the 
position shown in the drawing. If now, by means of thewinding 
button, the contrate wheel is turned to the right as in the act of 

FusKE Keyless Work. 




winding, the wheel on theplatform cannot turn because of thepin 
which is between two teeth of the pinion. The platform is there- 
fore carried to the left, and the wheel on the platform engages 
with the winding wheel on the fusee. By this time the pinion id 



drawn free of the pin, a projectingtailof theplatform is caught by 
another pinin theplate.and the winding may be proceeded with. 
As the buttonis released, the mechanism returns to the position 
shown in the drawing, and when the button is turned the reverse 
way the pinion trips over the little pin in the plate. This pin 
should be placed so that as the winding wheel on the platform is 
carried forward it presents the point of but one tooth to the fusee 
wheel. By this means butting as these two wheels gointo gear is 
avoided. To set hands, the push piece which passes through the 
band of the case presses the platform down, the pinion is carried 
free of the pin and into gear with the minute wheel. The wheel 
on the platform is kept free of the fusee wheel by another pin 
in the plate catching a hooked projection on the platform. 
PorHerrmann's Fusee KeylessWork, see Maintaining Power. 
Kendal'i Winding Work for Harine Chronometera. — Though 
marine chronometersarestillgenerallywound by the clumsy plan 
of turning the instrument upside down and attaching a key to the 
fusee square, severalarrangements of keyless work havebeen de- 
vised, of which this is a good example. In steadying the chrono- 
meter to wind it, the lever / is pressed in by the thumb of the 
operator, and the 
wheel h is thus 
brought into gear 
with the wheel a, 
which latter is fixed 
to the lower extremi- 
ty of the fusee arbor. 
The winding handle 
^isjustabove the dial 
and is fixed to a spin- 
» die carried in two 
I bearings attached to 
•^ the brass box ; at the 
lower end of the 
spindle is thewheeli 

fearing with A. The 
racket carrying h 
and the lever / are both fixed to a pipe, fitting the winding 
spindle freely. When the windingis completed, and the lever is 
released.alightspringimmediatelydisengagesthewheelsAanda. 

Adiiutable Spanner for Capi of Key- 

leu wheels. — This will also be found ' 
useful for setting up or letting down , 
mainsprings, removing barrel arbor 
collets and the like. 

Eidney Piece. — {Eccmtrique pour equalion.—Die excen- 
ifisehe Scheibe[Equationmhrm').^ — A cam shaped sotaet.h.in^Vikt 
ft Iddner, which is used in clocks that denote ttvt toa^t^.-at'^ 
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between true and mean solar time. ^'See Calendar Clock.) 

Kinetic Energy. — The amount of work stored in a moving 
IkxIv. Half the mass of a mo\nng body multiplied by the 
s({U2LTt of its velocity gives the measure of its kinetic energ)*: 
formulated thus — KE=iw\~. 

Knee Punch. — ' Poin^on a coude. — Der Tamponpunstn }— 
A cranked punch for remo\-ing plugs from cylinders, (bee 
Cylinder Escapement. ; 

Knuckles. — ^Chamerons. — Die SchamiertheHe?^^Vsit 
rounded portion sof^a watch case that form the hinges or joints. 
There are generally two knuckles on the co\-er, and one on the 
middle for eachjoint. 

Kullberg, victor, born at Gothland, Sweden, in 1824, was 
one of the most brilliant and successful horologists of the present 
century. In 1851 he came to London, where he died, in 1890. 
The close going of his chronometers at the Greenwich Obser- 
vatory during many years was remarkable. Among the many 
elaborations of Hardy's principle, Kullberg's flat nm balance, 
shown in the engraving, is one of the most successful. Here 
the central arm (aj and the rim (b) 
composed of brass and steel are in one 
piece, but in the arm the brass is on 
top and in the rim underneath, so that 
with a rise of temperature the ends of 
the arm bend down and the free ends 
of the rim are lifted upwards and in- 
warfls. The weights (c) are carried on 
.stalks, which also afford a support for 
the timing nuts Cn). 

Lacquer. — \ Laqiie. — Dcr Lack'] — is made of shellac and 
spirits of wine, in the proportion of about two ounces of the 
best ])aU- shellac to one quart of spirit, mixed without heat by 
continuous agitation for five or six hours. If not clear it may be 
filtered, and slunild be kept out of the influence of light. It may 
be cr>lonrcd for yellow tints with turmeric, Cape aloes, saffron, 
or gamboge, and for red tints with annatto or dragon's blood. 

Lacquering Brass. — The articles are boiled in a strong solution 
ofujual parts of pearlash and slaked lime, to thoroughly remove 
iill i)\i\ lac(juer and greasy matter; then rinsed in water and 
scoured with sand, or scratched-brushed, rinsed again and dried. 
They are then immersed for a moment in a solution of i part 
snlnhuric acid, i part nitric acid, two parts water, and a very 
little hydrochloric acid, and then well rinsed in clean water. 
Jf the colour is not uniform, the dipping and rinsing are 
repeated. The articles are then dried in warm sawdust, and 
rubbed with a clean cotton cloth to remove any stain of finger- 
marks from handling. They are placed on a stove or heated 
iron plate until warm enough to hold in the hand ; the lacquer 




:lten applied evenly by means of a piece of soft sponge, and 
E articles set aside in a dust-free place to dry, 
Xiantern Pinion, ^[/*/^«o« a laiilente.^Das Lalerncnhieb.'] 
1 formed of two shrouds or sides connected by cylin - 
drical rods or trundles, as they are called. Lan- 
tern pinions answer admirably as followers, but 
I are not suited for driving. To obtain good per- 
formance it is necessary that the spaces between 
the trundles should be equal. There will be no 
n drilling offthe shrouds in alathewitbadivisioii plate 




Lamp, Fig. i. 
or in its absence with the 
large part of the lathe 
pulley carefully divided, 
as a guide, into the num- 
ber of parts that the 
pinion is to have trun- 
dles. There is no bene- 
fit in allowing the trun- 
dles to run loose in the 
shrouds. They should 
be slightly shouldered 
^nd riveted tight. 
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XiBinp. — ' Lampe. — Dit L»mpc^ — Asan artificial iUumiaatOi 
tbcparamnlampsbowninFig. ifalfiUneariyallUiereqiiireinails 
of the watchmaker. It >ield5 a strong wiiite light, is cooler thaii 
gafs at Ie«^ cost, is readily adjustable for bugfat as wdl as bori 
zontall)-. The one drawback incidental to all oil lamps is the 
n«rccw!*it> of frequent cleaning. The Gas lamp shown in Fig. 2 is 
fuminhed vrith asubsidiary shade, which i^aprotection to theeyc;^. 

Spint Lamp. — The ordinarA' spirit lamp used bv watchmakers 
ibr liardeiiing. tempering, softening shellac, and manj' otfaei 
purpoAes, is of glass, with an air-tight ejstinguisber. Tbeform 
Hbowniii Fig. 3. p. 187, ishandier. the spout for the flamemaylie 
upright oradjusted at any convenient angle. The wicfc should not 
be l(xj tight, and the outside of the lamp should be kept clem. 

There is danger in allowing droppings of shellac and odier 
iiiflammablc material to accumulate. 

Lantern. — S^Lanteme. — ZJ/VAaw/imn-.^^^The perforated disc 
of a Jacot tool, used when burnishing the ends of pivots. 

{2) Tliechnck of ascrew-head tool used forthepointsof screws. 

iMp.—lLapidaire.—Dic SMei/sfAeiie.~\—See Mill. 

Lathe. — f Tour.— Die Drehbankr^ — .'Umost any tool devised 
to give ci rcular motion to work while being shaped really comes 
under the denomination of lathe. "Turns," "Throw," "Man- 
dril," "Jacoi Tool," and others arranged for special purposes, 
are 'U'scribffl under separate heads. 

Boley'a Sanepareil Lathe consists of a pair of tiimheads 011 3 
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rig. I,— San .spa re il l.atlie, 

1 0^ which may be changed for aheadslock, the headstock 

iving a hole running through its base to suit the bar, which is of 




i'i^. 2. Fig. 3. — S;itisparL-il. 

the back centre head, Fig. 2. The headstock with double cone 
bearings gives more stability than is possible with a tnm head, 
and also allows of an ample-si/ed hole for the reception of split 
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chucks of adequate dimensions. There is a divided plate with 
three circles of divisions. The chucks of wire are pierced 
throughout their length, a convenience when cuttinppiecesfrom 
along rod. The height of centres is 17 inch, and the bar may 
be 8-6, 10-4, or 12 inches long. 
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r Each lathe is provided with a ?;lide rest chuck'- 
and a great many other useful accessorie.i 

Fig. 5 is a larger 
tool by Bolej, and is 
moresuited forelock- 
makers. The centres 
are three inches from 
the bed. which is 
madeofthreeleiigths 
ao inches. 30 inches, 
and 36 inches. 

Fig. 6 is an excel- 
lent specimen of a 
cheap, plain lathe of 
London make, well 
adapted for ordinary 
turning of medium 
size. The centres are 
3i inches from the 
bed. which is of the V 
and flat kind, and 
three feet long. 

Watchmakers from 
custom are apt to file 
male centres on the 
work when engaged 
inlargeturning. This 
is a mistake. When 
the size of the work 
allows, itshould have 
sunk centres, and be 
mounted between the 
male centres of the 
lathe. After the cen- 
tre of the work has 
heen marked with 
centring punch, i 
should be drilled up a 
little distance with a 
fine drill, and the 
conical mouth 
formed with a round 
milledcountersinkof 
the same angle as the lathe centres. A perfectlv round mouth is 
essential, and this cannot be ensured if a flat countersink laused 
Both the back and front centres should be turned to the same 
angle; theyshouldbeinterchangeableand kept in good order by 
s of a sniali emery wheel held in a frame which may be 
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attached to the slide rest and driven, either from a pulley fixed 
to the face plate or any other convenient way. 




A Serew Cuttme Lathe is provided with a leading screw, by 
means of which the saddle whereon the slide rest is planted is 
caused to traverse the bed with regular progression as the man- 
dril rotates. The connection between the niaudril and leading 
screw is by means of the train of wheels seen at the end of the 
lathe ou the left hand, and there is a supply of wheels and pinions 
of different numbers, so that the train maybe arranged to actuate 
the saddle slowly enough to give sufficient feed in ordinary turn- 
ing, or quicker as required to suit any pitch of screw it may be 
desired to cut. Those familiar with the operation of calculating 
the train of a watch or clock would find no difficulty in deciding 
the numbers required for cuttinga particular screw. For instance 
if the leading screw have 8 threads to the inch, it is clear that any 
two wheels of the same number on the mandril and leading screw 
connected by idle wheels would cause the saddle to traverse one 
inch for 8 turns of the mandril, and a tool cutting a screw be- 
tween tbe centres would consequently cuUtSttiY^aistOMiVwila.. 
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But if instead of the idle wheel; 
a pinion of 15 fastened to a \ 



1 




Back Geftr. Double Gear. — 
s required, this device. 



i. the wheel on the mandril drives 
iheel of 60 (like a minute wheel 
and nut), and the wheel of 60 
drives the one on the lead- 
ing screw, the saddle would 
be traversed 4 rimes slower, 
and would cut a screw of 31 
ihreadstoaninch. Incutting 
a screw the cutting sides ol 
the tool must not onlymatdi 
and be the exact counter- 
part of the screwitis desired 
to cut, but when viewed from 
the top as the tool is fastened 
in the slide rest must incline 
to the right, if a right-handed 
screw is to be cut. and 
to the left if a lef\-handed 
one, just as the screw itself 
when cut would incline, or 
the tool will not clear in the 
thread. For a left-handed 
screw an idle wheel is 
usually introduced into the 
change train to reverse the 
motion of the leading screw.. 
but in Boley's screw-cutting 
lathe shown in Fig, 7 this 
i.s unnecessary, for it is fur- 
nished with a pair of rever- 
sing clutches between the 
change wheel sand the screw. 
For a double screw the 
thread is merelycut one-half 
of the width and depth it 
othenvise would be, and the 
second thread then startedin 
the middle of the space left 
between the threads. For 
any one \vith a love of 
mechanical pursuits a 
screw-cutting lathe is the 
most useful of tools, and 
one that affords unceasing 
pleasure bj- its capability of 
a wide raTige of work. 
hea^T work and where slow 
wliicH \5 s\iQwii in the cut of the 
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screw-cutting lathe (Fig. 5) is broug;ht into operation. The 
speed pulleys are loose on the head spindle, and have a pinion 
fixed to their smaller end. Under ordinary working the speed 
pulleys are coupled to a toothed wheel adjacent to their larger 
end. This wheel is tight on the spindle, and therefore the 
speed pulley, wheels and spindle, all go round together. At 
the back of the lathe head coupled together are a wheel and 
pinion mounted on a spindle, either with an eccentric bearing, 
or capable of a to and fro motion, so that they may readily be 
brought into gear with the wheel and pinion on the head 
spindle. When it is desired to use the double gear, the speed 
pulleys are uncoupled from the wheel on the head spindle, and 
the double gear is brought into depth. Then the pinion on the 
speed pulley drives the wheel at the back, and the pinion at 
the back drives the wheel on the head spindle. 

The American Lathes are admirable tools, hut their great cost 
limit their use. Fig. 8 shows the " Hopkins " combination 
Mandriland Lathe, withswingingtailstockfA). This tail stock is 
muchusedfordrilling.jewel-setting.cuttingsinksin watch plates 




^Fig. 8. Hopkius' Lathe, 
A many other purposes for which 
it is more convenient than the slide 
rest. Fig. 9_ is the slide rest. The j 
upper slide is swivelled and may be 
fixed at any desired angle. The 
-- tool post may be angled as desired Fig. 9, 

ligind by means of the nut g adjusted to any con.Mei.vi.e-vA'ti'ii.'gpS- 



The nut n locks it. The cutter may then be removed without 
disturbing the position of the tool post. 

"Tritunph" Lathe. — This (Fig, lo) is an excellent fonn of 
watchmakers' lathewhichhasvery rapidly eomeinto favour. The 
bar is a turned one with akeybednmning alongone side to keep 




the heads in position 
good slide rest (Fig. ii), 
mandril head and acce.ssories 
for drilling and polishing ac- 
company it. When required 
the lathe heads can be re- 
moved andtheTriuniphi 
verted into tunis. The new- 
e.st additions are a watch pi 

voting Accessory or Jacot Tool and the Patent Rounding up' 
' ■ "■ 's shownin position under the head of " Hand Wh« 
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"Go Abead" Lathe.— This lathe 
"Triumph." It 
is shown as turns 
, and 
complete as a 
lathe in Fig. 13. 
Kig. i4is its man- 
dril head, and 
Fig, 15 its slide 
rest. By ciirvinfr,^"=-^ 
two of the slutH ir. :" ~ " 
the face plale o.' 
the mandril lu.ai] 
the dog^. an' ■■ 
abled to l.u:- '.:. 
a larger di;iii;iiL[ 
than they cuuld 
with radial slots. 
The slide rest 



planned. Both screws are covered by the slides so that dirtiS" 
excluded. The bearing surf'aces are large, and the top slide 
may be angled. On theuppersurfaceof the top slide is a boss 
to receive the fixing screw of the tool post. Around this boss 
a spherical hollow is turned in the thickness of the slide. The 
square tool post is turned at the bottom to fit the hollow in the 
top slide; the plate whichscrews down on the tool hasaspherical 
hollow turned in its upper surface, and a washer to fit, so that 
the tool post can turn in any direction on a kind of nniversal 
join and can also be tilted quite sufficient for any required ad- 
justment of the tool. Provision is made for either round or 
square cutters. When the tool post is screwed moderately tight, 
it is perfectly firm. 

Fitting the tailstock is a hollow runner carTviw^ wa vi.rca,'\.Ti 
which may be fixed the centring plate as sihown m V\%,- \t». 
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F'K- 13- 
pressing the centring runner 
into it. The plate is then secured 

by tightening: the screw at the 
top of the arm. If a centre has 
to be turned in the end of an 
arbor to drill a hole for a ; 
pivot, the hand-rest can benn 
_ up between the plate and the 

end of the runner. A drill of 
the proper si/,e may then be 
fitted to the drilling spindle, 
which also fits the hole in the 
runner. Unless the object to 
be drilled is very long, the 
centring plate may with advan- 
tage be slackened from it before 
the drilling is proceeded with. 
The jjivoting bed (Fig. 17) 
also fits in the arm in place of 
the centring plate, and is sized 
for large watch pivots, and 
pivots of French and carriage 
clocks. 

Driver Chuck.— This adjunct 
(Fig. 18) is useful for fine work ^'fi- '4- 

supported on male centres. The mandril is fixed by insertine 
[ the index pin in one of the holes of the pulley, and a dead 
^entre lathe is formed ; the driver chuck is shown in position 
1 Fig 13, together with a friction pulley for taking some of 
lie strain of the cord off the work, which is, however, not 
ft en required. 




^T'he "Interuational" 
of the Triumph. 



another lathf 



ciple 




The Uartiii 

shown in Fig. 19, is 
constructed on the 
lines of the American 
lathe, but is much ^ 
cheaper. The length 
of tlie bed is gi inclies, 
and the height of 
centres 2 inches. Tlie 

slide rest, Fig 20, is Fi^. iS. 

strong and convenient. The tool post is free to slide in a 
groove so that it may be adjusted at either corner or at any- 
other point of the rest, and may be swivelled to any desired 
an^le. Fig. 21 shows an additional holder for round cutters, 
which are often preferred for light work. A steel washer 
grooved to suit the holder is first slipped over the tool post, and 
a tube with the hole slightly eccentric placed in position. 
The tube has a solid boss at one end, but the body of it is split 
on opposite sides so that it may grip the cutter. By turning 
the tube slightly round the cutter may be raised or lowered as 
required. There is a separate mandril head and a full line of 
accessories. 
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The "Auglo- 
Am eri can " 
Lathe appears 
to be verj- sinii- 
larlotheMartiu 

Ueek'a Lathe. 
This is a cheap 
lathe with hand- 
rest and split 
chucks. There 
is 110 back- 
centre, but it is 
a useful tool so 

lide rest should, if possible, be cranked 
so as to bring the 
cutting edge below 
the centre of the 
body of the tool, as 
shown in Fig. zo- 
Downward pressure 
on the tool then 
tends to relieve it 
from the cut, but if 
the cutting edge is 
above the centre of 
, the body, pressure 
sends it deeper into 
the cut, and causes 

I"' pj JO it to "chatter." 

Tools arc often cranked evidently without any idea of the 
object to be gained, for the bend is so managed as to bring the 
cutting edge above the centre of the body. The front of the 
cutter for a little distance below the cutting edge should.^ 
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all but upright. If ground 

for clearance, it will not 

only be weaker, but will 

have a tendency to dig 

into the work. The top 

of the tool though, which 

is flat, or nearly so for 

brass.isslopeddownwards . 

from the cutting edge for 

steel and cast iron, as in 

Fi^. 22. For wrought iron 

it IS sloped still more. 

In all but the very smallest lalhts, small cutters held in a bar ' 

are rapidly taking the place of large ones fixed in the slide 

rest. A good example of such a bar, with a swivelled holder,to 
allow of instant 
/ \^_^ y/^,^^ adjustment of the 
/ j^ \ cutter to any re- 

I quired aiigle, is 
' shown in Fig. 24, 
together with a 
case ol useful 

cutters. 

Fig- 22. Fit'. 23- Disc cutters like 

Fig. 23 are used in many of the American lathe-tools. They 

are fixed to the side of the 

rest by a bolt passing through 

their centre. The edge of 

the disc may be tumed to an.\ 

form desired, and if wetlcil 

on the face, the shape of the 

cup will not be altered. Foi 

roughiug out pinions and the 

like, the disc is thick enough 

to embrace the whole surface 

to be tumed, and is fed in 

wards the feed motion para- 
llel to the centre of the arbor 

being dispensed with. Discs 

are sometimes apt to fly in 

hardening, but this danger 

may be obviated by drilling 

a ring of holes round the 

centre one. 
Backstay. — This is a great 

assistance when turning 

long. slenderobjects; though 

not ofteu supplied with a 

lathe it may be easily made. 






r The support cut from sheet brass may have two slots at the 
base, so that a couple of screws will attach it to the saddle of the 
lathe, as shown in the sketch. TheV-shapedbearingis of course 
the sameheight as thelathe centres, and ismadeloadjusttowork 
of different diameters by means of a slot running througli ixs 
length. When using the backstay, aportion of the work is turned 
trueas far from the back centre ascan be withoutit^^spriugingfroiu 
the graver, the stay is then brought 
to bear against this part, while a ftir- 
therportionisturned true, repeating 
the process as often as necessarj'. 

Polishing Mills or Laps. — Fig. 26 is 
an accessory to the Whitcomb lathe 
which is used for polishing pivots 
and shoulders. It consists of a carri- 
age which may be attached to the 
slide rest as shown. At one extremity 
of a spindle is a lap, and at the other 
a handle for giving the spindlelongi- 
tudinal motion, either parallel to the 
lathe spindle, or at an angle as may 
be desired. By means of a belt from 
thetransmissionpulleysat the back Fig- 35. 

of the lathe, the lap spindl* » 
is rotated rapidly in the 
opposite direction to the 
work in the lathe, against 
which the lap is brought to 
bear. Thisdeviceisapplic- 
able to conical as well as 
straight pivots, and for 
polishing or snailing 
Fig- 26, wheels, &c. It may also 

I be adapted for drilling or milling. 

Fig. 27 is the sanspareil accessory for polishing and snailing. 
Itconsistsof a slide block on which the mill-holder is mounted. 
Theobjecttobeoperatedonisheld on the lathe- head, and may 
berotatedintheusual way through the intervention of the cord 
from the transmission pulleys. From the transmission pullej-s 
also the mill-holder is rotated in the opposite direction to the 
motion of the lathe by means of a cord passing round two hori- 
zontal guide pulleys on the slide block to a pulley on the mill- 
1 holder. As m working the slide to and fro this cord would be 
■[tightened or slackened, au iron armis provided, one end of which 
s hooked on to the transmission pulley holder, while a loose 
alley on the other extremity presses on the cord so that the 
eight of the arm keeps the cord uniformly taut. Mills of stq " 
(per, zinc, and wood accompany the accessorj', and ala 
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abrader to re-grain the faces of the mills 

polishing medium. This fits the nose o 

flo other chucks for holding the work. 

Fig. 28 is the mini 11 g fix- 
ture for the " Go-ahead " 
'athe which is to be at- 
^ched to the hand-rest 
flQlder. 

Filing Fixture, — This 
attachment is now sup- 
plied with most watch- 
Ulakers' lathes. The 
sketch shows the oneused= 
byWhitcombe. Thelathe 
pulley is divided into 60 
and furnished with an in- 
dex pin, so that squares, Pig' 28. 
hexagons, and other angular forms can be filed correctly to shape. 
The "fixture" consists of an arm carrying two hard steel guide 
rollers, with a flange at the left side of each to 
keep the file at right angles to the work. The 
arm cariyingtherollers can be raised or lowered, 
as required for adjustment work to of various 
sizes. The work is fixed in a chuck, and if 
necessary the back centre can be used to steady 
it. A "filing fixture" will be found most useful 
for squaring barrel arbors, making punches for . 
punching stop-fingers, &c., as a perfectly Irue ' 
tgurecan be Sled bv this means very quick\y. 
Stej) SpIndJe in Clmek.~This adjunct to some ■E^¥,- ^ 





ofthe American lathes is foropeiiin^or polishing jewel holes, or 
doinganyotherlightworkthatrequires great speed. The chuck 
has a conical toerunning in the frame awd carries a small driving 
pulley as shown in Fig. 30. 

Belf-Centring CtanckB. 
Most modem lathes 
are supplied wilh 
split chuck.s whichi 
close ceutrically on 
the work. Chucks of 
this kind were made 
here many years ago, 

though the credit of . . 

method of gripping the work, which is worth description, is, 
Ijbelieve, due to the American Watch Tool Companj" ; at all 
events, it is taken from one of their lathes. Fig. 31 is a longi- 
tudinal section of the upper part of the lathe head, a is Uie 
chuck, which terminates with a screw. The mandril, B, is hollow. 




nportant improvement i 




and con tains a barrel through which also a hole lb pierced. Atone 
end of the barrel is a female screw to match the screw on the 
chuck, and at the other end a small hand wheel c, By turning 
the hand wheel so as to screw the end of the barrel on to \ht 
chuck, the chuck which is slit crosswise, is drawn further into 
the cone of the mandril and contracts, thus gripping the work. 
Thereisafeatherinthestraightpartofthe mandril hole to prevent 
thechuck turning round. These self- centring chucks savealotof 
time in fixing the work. If well made they are really excellent in 
the hands of a careful workman, but if strained by rough usage 
or by gripping work of a disproportionate size, they cease to 
centre accurately, and are then a great nuisance. 

Fig, 32 and 33 show two of the chucks, one for wire and the 
other for wheels. luoticethatinallbutthesmallestwirechucks 
of the "Go-ahead " lathe, there is a shallow square sink tuniedin 
the face, which is exceedingly handy for grippingjewelsettir^ 
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and thelike. Oaeof tbeiieatestapplicationsof the wheelchucks i 
isforbarrgl work, which forms aniteni in a considerable majority 
of watch repairs, for a barrel can be set up true, recess turned 
for cover, faced or otherwise operated on, quicker than by any 
other way of fixing. Latterly there are issued with the Triumph 
lathe, chucks with the steps outside. They open to grip pieces J 
from the inside and would be a convenience in manyf 
instances. 




ws^sMj 



Fig. 3? 



The "Hopkins" Americanself-centringchuckonanotherplan 
seems to be a very clever idea. Here separate split plugs for 
different- si zed objects are pro\^ded. One of these holding the 
work is fastened by means of a screw to the plate, shown in Fig. 

• 34, which isthenslippedunderthe ■ 
heads of two spring bolts (a a) oa J 
the chuck proper (Fig. 35), the:J 
back end oftheworkbeingcentred^ 
bythecountersiiik eudofapump ' 
centre kept forward by a spring. 
^''S-34- Thenbyshghtlylooseningthenut 

k the chuck is free to move in a basin-shaped joint, and the front 
end of the work may be 
trued with as mucli facility 
as in a wax chuck. The 
nuts c c and k are then 
tightened. 

Fig. 37 is a dog chuck, 
with stepped dogs in radial 
slits on a face plate. At the 
back of the face plate is a 

discwith aspiralgroovecut 

thereon, andeach of thedogs have tongue.sinsertedin this groove. ' 
As the grooved disc is turned the dogs move equally to or from 
the centre and so grip the work centrally, either from the 
inside or the outside. Spare dogs are provided for gripping 
small objects from the inside. One of these is shewn 
rately. 




y 
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Screw Polishing. — For holding 

screws split brassliningsof different 

sizes are fitted 

to a steel split 

chuck, and. 

«-ith a roller 

rest like the 

sketch, screw 

polishing may 

then be done 
>■'«- 3'> very expedi- 

tiously in the lathe. thoURli many 
still declare the to and fro motion 
to be preferable. 

Baw Arbor.— 
This, . supplied 
withmanylathi 
receives small 
circular 

and cutters, and ^if;. 38. 

is useful for cutting a groove out of the hand of a case to free 
the barrel or chain, and many other purposes. 

Wax ChuokB,— For many operations required iu watch jobbing 
Mr. Ganney recommends fixing the work to the chuck with 
wax or cement, and no doubt workmen used to this plan get 
through their work successfully and expeditiously, A nutabei 
of brass chucks for shellac usually accompany the modetn 
lathe. They are generally screwed into a holder fixed in the 
lathe spindle. The chuck then projects far enough to avoid 
heating the lathe when the shellac is melted. Fig. 38 shows 
the holder with a forui of chuck attached which is used for 
receiving wheels and other flat pieces. It has concentric circles 
on the face for facility of centring the work. A cylinder, verge, 
or other fragile piece of work would be almost covered up with 
shellac; the truth of the back end ~ 

being ensured by the hollow in the 
brass chuck {d Fig. 40). which 
should be carefully turned to a 
point without leaving a tit in the 
centre; the front end of the work 
is supported and centred with a 
peg as shown, while the shellac is Viy;- 59- 

softened by the flame of a lamp placed underneath. Fig. 43 fi 
one of the brass chucks bored ont, and having a cover soldered 
or screwed to it. The cover has a hole drilled through it, and 
is faced true so that a barrel arbor or other object with an en- 
'"i-ired part and long projecting end laid ou it will be flat and 
ly, and reqtiire but a little shellac to hold it. Fig. 44 is 
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^^■nre opeiiinir nr pulisliiiig. A pcf; notched a«a} a\ shown 




Fiff. 41 




Fitc. 44 



serves to get the jewel hole quickly true on face and edge. 

After the work is finished it is usually placed in spirits of 
wine in a copper boiling-out pan, and held over the flame of 
the lamp until the boiling spirit dissolves any cement remaining 
on it. Mr, Gray recommends, instead of this open pan (which 
is constantly igniting), using ordinary chemical test tubes of 
different sizes for this purpose. As these tubes are transparent, 
it can be seen exactly how the work is progressing, and there 
is also a considerable saving in the amount of spirit used. 

Treadles. — The "Webster" Swing Treadle, shown in Fig. 45, is 
the best I have seen for watchmakers' use. It does not require 
the swaying motion of the body incidental to the up and down 
treadle, works with little friction, and is well under control. 
The wooden treadle arranged as shown under the head of Bench 
does fairly well for the ordinary run of light turning, but there 
has been lately introduced an excellent and inexpensive 
driving wheel and treadle wherein the treadle patten, shown 
in Fig. 46. afibrds a better rest for the foot, which will be found 
to be conducive to the steadiness essential for finework. The 
treadle or patten rests by means of pivots on a cast iron base 
plate screwed to the floor, and if anything isdroppedthepatten 
can be instantly lifted offforasearch to be made. For heavier 
work or for occasionally actuating a lathe usually driven from 
D^liafting, the self-contained foot whee] and treadle sKQ'»ni 
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in Fig. 47 are well adapted. 

Connteruiaft with Transmission Fnlleys 
fixed at the back of the lathe offers 
advantages in driving small lathes, 
The driving cord, instead of passing 
from the treadle wheel direct to the 
lalhf head, drives the transmission 
pulleys. Where great speed is required, 
a» in working jewels and stones, the 
driving conl is taken over a small pullty 
on the countershaft, and another cord 
from a large pulley on the same shaft 
passes round the 
pulley on the lathe 
nead. By using a 
large pulley on the 
countershaft in 
connection with 
the treadle wheel, 
and a small one in 
connection with 
the lathe head, a 
slow motion is ob- 
tained for turning 
articles large in 
diameter. A 
countershaft is also 
used when a live 
spindle is worked 
on the slide rest. 
as in polishing '■'k- 45- Fig. 4S. 

mills and otheraccessories. Thecountershaftattached toAmeii- 
can lathes is shown under the head of " Wheel Cutting." 

Fig. 44 also shows Boley's transmission pulleys, which are 
very good. The shaft frame is mounted in a socket standard 
which allows it to be moved backward or forward, higher or 
lower, as may be required to adjust the cords. His arrange- 
ment of these pulleys for driving his watchmakers' lathe is 
shown under the head of Bench, page 40. 

The driving cord of a lathe should be moderately large, so as to 
workwithoutDeingundulytight. Asmall, tight cord isa nuisance. 
Itsoon slips, wears away rapidly, and throws unnecessary friction 
on the lathe bearings. Twisted leather cord is much used lately 
in preference to gut. and being more elastic it throws less strain 
on the bearings, absorbs less power and works with a much 
smoother action. The ends are fastenedby means of a plain fig- 
ure of 8 hook, and the cord may be readily tightened by giving it 
ail additional twist or two. Another kind of line, if it can be so 
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Spiral spring ; the ends are soldered together, and it is said to be 
the smoothest working and most lasting of any. 

Screw Stump for Wood ChaekB, — This is intended to receive 
boxwood chucks, which are use- 
ful for turning out the groove of 
a bezel when it is out of shape, 
and many other purposes. ( 

I.ea.A.—lPlomb.—Das Blei.^ 

Leading off Rods.— [ Verges 
de connexion. — DieZeigerverbindujig{Thurm,uhreii.) — Therodsin 
a turret clock that connect the movement with the hands. 

IJeft-faaiided Movement. — {^Rouagea gauche.— Das Hnk- 
sangelegte Uhru'crk.l — A watch movement in which the third 
wheel IS on the left and the balance on the right of the fourth 
wheel looking from the top plate. 

IJepaute, J. A. — Born 1709, died 1789. He was a French 
clockmaker, and the inventor of that variety of the pin wheel 
escapement with pins on both sides of the wheel. I,epaute con- 
structed several fine turret clocks and clocks for the Louvre at 
Paris, wound by means of an air current and fan, a method re- 
invented recently. He made many curious timepieces (equation, 
one-wheel clocks, &c.), and was the author of an excellent Traite 
d' Horhgerie, revised and augmented, says Moinet, by the cele- 
brated Lalande. In the second edition of this work appears 
Lalande's treatise on "perfectpitching." 

kliepine Movement. — '^Mouvemmt L^ine. — Lepinewerk.^ 
Onginally a bar movement with a hanging ba.xTe\,-ttQ^ '(,e.\i.«t- 
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ally understood to be one in which the bar supporting the top 
pivot of the barrel arbor is straight. 

Le Roy, Julien. — A scientific French watchmaker, born 
1686, died 1759. He de\dsed a form of repeating mechanism 
much used in French watches. 

Le Boy, Pierre, son of Julien Le Roy (bom 1717, died 
1785), surpassed his father in inventive genius. Among his 
conceptions was a form of duplex escapement and an escape- 
ment on which the present chronometer escapement is founded. 

Lever Escapement. — {^Echappement a ancre, — Die Anker. 
he77tmu7t^.'\ — Invented about 1765 by Thomas Mudge. An 
escapement in which the communication between the pallets 
and the balance is made by means of two levers, one attached 
to the pallets, and the other, in the form of a roller with a pin 
projecting from its-face, to the balance staff. 

Although inferior for timekeeping to the Chronometer, the 
lycver Escapement, when made with ordinary care, is so certain 
in its action that it is generally preferred for pocket watches. 
Its weak point is the necessity of applpng oil to the pallets. 
However close the rate of the watch at first, the thickening of 
the oil in the course of time will inevitably affect its going. 

Action of the Escapement. — Fig. i (page 210) shows the most 
usual form of the lever escapement, in which the pallets "scape" 
over three teeth of the wheel. A tooth of the escape wheel is at 
rest upon the locking face of the entering left-hand pallet. The 
impulse pin has just entered the notch of thelever,andisaboutto 
unlock the pallet. The action of the escapement is as follows :— 
The balance, which is attached to the same staff as the roller, is 
travelling in the direction indicated b}' the arrow which is aroiind 
the roller, with sufficient energy to cause the impulse pin to move 
the lever and pallets far enough to release the wheel tooth from the 
locking face, and allow it to enteron the impulse face of the pallet. 
Directly it is at liberty, the escape wheel, actuated by the main- 
spring of the watch, moves round the same way as the arrow and 
pushes the pallet out of its path. By the time the wheel tooth 
nas got to the end of the impulse face of the pallet, its motion is 
arrested by the exit or right-hand pallet, the locking face of which 
has been brought into position to receive another tooth of the 
wheel. When the pallet was pushed aside by the wheel tooth it 
carried with it the lever, which in its turn communicated a suflS- 
cientblowto the impulse pin to send the balance with renewed 
energy on its vibration. So that the impulse pin has the double 
office of unlocking the pallets by giving a blow on one side of the 
notch of the lever, and of immediately receiving a blow from the 
opposite side of the notch. The balance proceeds on its excur- 
sion, winding up as it goes the balance spring, until its energy is 
expended. After it is brought to a state of rest its motion is 

versed by the uncoiling of the balance spring, the impulse pin 
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again enters the notch of the lever, but from the opposite direc- 
tion, and the operation already describedis repeated. Tlieobject 
of the safety pm is to prevent the wheel from being unlocked ex- 
cept when the impulse pin is in the notch of the lever. The 
banking pins keep the motion of the lever within the desired 
limits. They should be placed as shown, where any blow from 
the impulse pin on to the outside of the lever is received direct. 
They are sometimes placed at the tail of the lever, but in that 
position the banking pins receive the blow through the pallet 
staff pivots, which are liable to be broken in consequence. 

Fropoition of the Escapement, — The escape wheel has fifteen 
teeth, and thedistance apart of thepallets, from centre to centre, is 
equal to, 60° of the circumference of the wheel. The pallets are 
planted as close as possible to the wheel, so that the teeth of the 
wheel in passingjustclearthebellyof thepallets.* The width 
of each pallet is made as nearly as possible half the distance 
between one tooth of the escape wheel and the next. As the 
teeth of the wheel must be of an appreciable thickness, and the 
various pivots must have shake, it is not found practicable to 
get the pallets of greater width than 10° of the circumference 
of the wheel instead of 12°, which would be half the distance 
between one tooth and the next. This difference between the 
theoretical and actual width of the pallet is called the drop. 
The lever is pinned to the pallets, and has the same centre of 
motion. The distance between the centre of the lever and the 
centre of the roller is not absolute. The distance generally 
preferred is a chord of 96° of a circle representing the path of 
the tips of the escape wheel teeth, that is, the distance from 
the tip of one tooth to the tip of the fourth succeeding tooth. 
The proportion, as it is called, of the lever and roller is usually 
from 3 to I to 3i to i. In the former case the length of the 
lever (measured from the centre of pallet staff to centre of the 
mouth of the notch) is three times the distance of the centre 
of the impulse pin from the centre of the roller, and in the 
latter case 3i times. The portion of the lever to the left of the 
pallet staff hole acts as a counterpoise, and should really have 
the metal in it disposed at as nearly as possible the same dis- 
tance from the centre as that in the other end of the lever, 
though this is rarely the case. 

In this form of the lever escapement the pallets have not less 
* When the tooth ispressiugou the locking, the line of pressure should 
pass through the centre of the pallet staff. But as the locking faces of the 
two pallets are not equidistant Irom the centre of motion, a tangent drawn 
from the lockingconier of one pallet would be wrong for the other, and, as 
a matter of fact, if a diagram is made it will be fouud that even when the 
pallets are planted as close as possible they are hardly as close as they 
should be for the right-hand pallet. To plant as close as possible is, 
therefore, a very good rule, and is the one adopted by the liest pallet 
makers ; though m setting out the escapement a chotii o^ VVe. -«\.li^^s. >A 
the pallet is produced toliud tile ceatre of the sVaiS, as siiQ-wDi'-ui'^^vif,- V 



I 



510 



than io° of motion. Of this amount, 2° are used for locking 
and the remainder for impulse. The amount of locking is t( 
some extent dependent on the size of the escapement. With i 
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large escapement less than i^° would suffice, while a" small one 
would require rather more than 2°. The quality of the work, 



too, is au element in deciding the amount of locking. The 
lighter the locking the better, but it must receive every tooth 
ofthe wheel safely, and where all the parts are made with care 
the escapement can he made with a very light locking. 

Presuming that the staff hole is correctly drilled with relation 
to the planes, a rough rule used for testing io° pallets is that a 

straight edge laid on the plane of 

~n the entering pallet should point to 

' the locking corner of the exit 
pallet, as indicated by the dotted 
line iu Fig. 2. But this is clearly 
only an approximation, for any 
variation in the amount allowed for locking alters the direction 
of the planes, 

Wlien from setting the hands of a watch back, or from a 
sudden jerk, there is a tendency for the pallets to unlock, the 
safety pin butts against the edge of the roller. It will be 
observed that when the impulse pin unlocks the pallets, the 
safety pin is allowed to pass the roller by means of the crescent 
which is cut out of the roller opposite the impulse pin. The 
teeth of the escape wheel make a considerable angle with a 
radial line (24°), so that their tips only touch the locking faces 
of the pallets. The locking faces of the pallets, instead of 
being curves struck from the centre of motion of the pallets, 
as would be otherwise the case, are cut hack at an angle so as 
to interlock with the wheel teeth.* This is done so that the 
safety pin shall not drag on the edge of the roller, but be drawn 
back till the lever touches the banking pin. When the opera- 
tion of setting the hands back is finished, or the other cause of 
disturbance removed, the pressure of the wheel tooth on the 
locking face of the pallet draws the pallet into the wheel as far 
as the banking pin will allow. The amount of this "run" should 
not be more than sufficient to give proper clearance between the 
safety pin and the roller, for the more the run, the greater is the 
resistance to unlocking. This rule is sometimes sadly transgres- 
sed, and occasionally the locking is found to be, from excessive 
run. almost equal in extent to the impulse. It will generally be 
found that iu these cases the escapement is so badly propor- 
tioned that the extra run has had to be given to secure a souud 
safety action. In common watches the safety action is a fre- 
quent source oi trouble. The more the path of the safety pin 
intersects the edge ofthe roller, the sounder is the safety action, 
and if the intersection is small the safety pin is hkely to jamb 
against the edge of the roller, or even to pass it altogether. 
With an ordinary single roller escapement a sound safety action 
cannot be obtained with a less balance arc than 33°. 10° 

• The locking face forms an angle of 6" or 8* mitha^.awge\\\^.o itvc^ift 4 
representing the path of the locking comer. I 
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{)allets with one degree of movement added for run, and with a 
ever and roller of 3 to i, give a balance arc of 33^ — ^thatisto 
say, the balance in its vibration is freed from the escapement 
except during 33", when the impulse pin is in contact with the 
lever. Even with a balance arc of 33^, the roller must be kept 
small in the following way to ensure soundness of the safet}' 
action. The hole for the impulse pin must not be left romid. 
After it is drilled, a punch of the same shape as the impulse pin 
— that is, with one- third of its diameter flattened off — should be 
inserted, and the edge of the roller, where the crescent is to be 
formed, beaten in. By this means the roller can be turned down 
Mm all enough to get a sufficient intersection for the safet}' pin. 

It is useful in estimating the balance arc of a watch, to re- 
member if it has a three-armed balance that 30- is one-fourth of 
the distance between two arms. With a compensation balance 
a third of the distance between two of the quarter screws is 30°. 

A round impulse pin, although it is sometimes used in common 
watches, gives a bad action and necessitates a very- large balance 
arc. 

Fig. 3 is appended as a guide to students in setting out the 
escapement. A circle representing the extreme diameter of the 
escape wheel is taken as a basis, and on the left of the centre line 
is set off, by means of a protractor, the middle of one pallet (30°) 
and its width (10^). The chord of this arc of 10° is then pro- 
duced till it cuts the centre line, and this intersection is taken as 
the centre of the palletstatf. From the pallet-staff centre cur\^es, 
A and «, representing the paths of the pallet comers, are drawn: 
The amount of locking c (say 2°) and impulse d (say 9°) are set 
off from the chord of the left-hand pallet. The impulse plane is 
traced through the intersection of the angular lines with the 
curves a and b, and the line of the plane produced towards the 
centre of the staff as shown. From the centre of the staff is de- 
scribed a circle just touching the line so produced. The impulse 
plane of the other pallet forms a tangent to this circle. In this 
])ositi()n of the pallets, a line drawn from the locking corner of 
the left-hand pallet to form an angle of 12° with the radial line 
from the centre of the wheel, will be required to showthe locking 
face of tlie pallet, and a similar line forming 3° will answerfor the 
locking face of the right-hand pallet. Mark off the centre of the 
roller (icj, and take, say, one-fourth of the distance between this 
centre and the centre of the pallet staff for the position of the 
centre of the impulse pin, and describe the arc F to represent its 
path. The line G, forming with the centre line running through 
the roller an angle equal to half the total angle of the motion ot 
the pallets, or 5^"^, will represent the centre of the lever. The 
wheel teeth are set back about 24° from a radial line, so as to bear 
on their points only, and the rim of the wheel extends to about 
^Aree-fourths of the whole radius . The remaining parts may be 
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readily filled in from the foregoing remarks on the proportion 
of the escapement, and a study of Fig. i. 

Double Boiler Escapement. — The Horn of the Lever. — Low- 
angled pallets {i,e. pallets having but little motion) and small 
balance arcs are preferred for fine watches ; the low-angle pallets 
as being less affected by changes in thecondition of theoil which 
is used lolubricate thefaces of thepalletsthan when the motion is 
greater, and the small balance arc because it allows the balance to 




bi) 

fa 



be more perfectly detached from the escapement. With a double 
roller escapement, pallets with from 8° to 9° of motion are gener- 
ally used, with a lever and roller to give a baVatie^ axe ol Sxoxsv 
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to 32'. With low-an^ed pallets, and less than 30^ of balance aic, 
a different arrangement than the usual upright pin in the lever 
must be made for the safety action. A second roller.not much more 
than one-half the diameter of the one in which the impulse pin is 
fixed, is mounted on the balance staff for thepurpose, and a small 
gold finger, projecting far enough to reach the edge of the smaller 
roller, i s screwed to the lever. The safety roller should not be less 
than half the diameter of the impulse roller, for the smaller the 
safety roller, the farther the safety finger enters the crescent before 
the impulse pin enters the notch of thelever; and, as directly tiie 
safety finger enters the crescent, the impulse pin must be within 
the horn of the lever, the smaller the safet\' roller, the longer must 
\)e the horn . Then, if the horns are excessively long, the extent 
of the free vibration of the balance is curtailed,because the impulse 
pin touches the outside of the lever sooner. It will be seen that 
in thesingle roller escapement(Fig.i)thesafety pin doesnot enter 
the crescentbefore the impulsepin enters thenotch,and,therefore 
in the single roller escapement the lever really requires but the 
smallest possible amount of horn . Fig. 4 shows the double roller 

arrangement. Here it 
will be seen that the 
safety finger enters the 
crescent some time be- 
fore the impulse pin gets 

r- __-s^^!;^i^ ( () I I to the notch. During this 

f C^To)]'^^!:^^ / /interval, should the 

^ — :ia=^.^J-c: ) y I hands of the watch be set 

back, the pallets could 
not trip, for the horn of 
theleverwouldbecaught 
^^^•4. on the impulse pin. I 

have tried to explain this fully, because Double Roller Escape- 
ments occasionally fail to give satisfaction owing to the lever 
having insufficient horn. On the other hand, the levers of single 
roller escapements, where scarcely any horn is required, are 
often made with very long ones. 

Hcsi d es getting a sound safety action with small balance arc, the 
double roller has threeotheradvantages. (i)Theimpulseis given 
more nearly on the line of centres, and consequently with less 
enjj^agingfriction. (2) The safety rollerbeingof a lesser diameter, 
llie safety finger when in contact with it offers less resistance to 
the motion of the balance ; and (3) the requisite amount of shake 
between the safety roller and banking pins is obtained with less 
run on the pallets. Double roller escapements are sometimes 
seen with pallets having 10° of motion, and even more, and with 
the safety roller nearly as large as the impulse one. Anescape- 

cnt made in this way really appears to lose most of the advan- 
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tages of the extra roller. On the other hand, low angle pallets are 
sometimes tiaed with a loug lever to get iucreascd balance arc. 
This also is objectionable, for the pallets must have more draw 
to p'lU the longer lever up to the banking, and more draw means 
harder unlocking. It is really only to watches of a high charac- 
ter throughout that double roller escapements with low angle 
pallets and small balance arcs should be applied. For the or- 
dinary run of work, the single roller escapement with ii° pallets 
and a balance arc of from 36° to 40° is well suited. 

Size of the Lever Eacapement^Lever escapements are classed 
by the trade into the foljowiutt sizes :— 

No. I is the smallest and No. to the largest size used in the 
ordinary run of work. The 
practice of J. F. Cole was to 
have the escape wheel th ree- 
sevenths of the diameter of 
the balance, hut there is no 
strict rule for the size of an 
escapement to a watch, 
though there has been a dis- 
position of late years to use 
smaller escapements than 
formerly, as they are found 
to yield better results. In 
course of time a ridge is 
formed at the beginning of 
the impulse plaues of the 
pallets, where the wheel 
teeth fall. This ridge is 
more marked and farther 
along the impulse plane 
when there is ranch drop 
and the escape wheel is large 
and heavy, because the in- 
ertia of the wheel, which 
increases in proportion to its 
weight, and the square of its 
diameter, is so great that the 
Dalance after unlocking the 
pallets carries them farther 
before the wheel acquires 
sufficient velocity to over- 
take them. Undue .shake of 
the impulse pin in the notch 
will also cause this ridge to 
be accentuated. The prac- 
tice of some of the best Lon- 
don makers U, fot & ■iw.ft.J 
sized mo\en\e.vi\s.. 
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escapement ; for loand 12 sized movements, No. 4 escapement; 
for 14 and 16 sized movements, No. 6 escapement ; and for 18 
and 20 sized movements. No. 8 escapement. Many manufac- 
turers confine themselves to two sizes, "two's" for repeaters 
and ladies', and " sixes" for gentlemen's watches. 

No. o in which the Escape Wheel is '185 of an inch in diameter 
I „ » M '205 
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The escape wheel is of hard, well-hammered brass ; the pallets 
are of steel* wider than the wheel, with the acting parts of ruby in 
the best, and garnet in the commoner escapements. The pallets 
are slit longitudinally, and the stones fixed in with shellac. The 
Swiss generally insert the stones across the pallets, so that they 
are visible. The impulse planes are curved so as to present a 
smaller surface to the wheel. The impulse pin is of ruby, fixed in 
the roller with shellac ; the safety pin of gold, and the banking pins 
of brass. Non-magnetizable watches have the lever and pallets 
of some other metal than steel, generally aluminum bronze. 

In a good lever escapement all the moving parts are extremely 
light. 

Mr.Curzon has introduced the ingenious arrangement shown in 
Fig. 5 for marking off the distances on the lever and roller. To the 
bottom of the stock of a Vernier slid gauge he attaches a spring 
with a conical tit at its free extremity. To the top of the slide 
another spring is fixed, carrying a fine centring punch. When the 
gauge is closed, the punch and the centre of the conical tit are 
coincident. The gauge being opened so that its points mark the 
whole distance from the centre of the pallet staff to the centre of 
the balance staff, the measurement on the scale of the gauge is 
noted. Say it is -28 inch, and that it is desired the lever and roller 
should have a proportion of 3 to i . Three parts of this -28 inch, 
or -21 inch, would be the length of the lever, and the remaining'oj 
the distance of the centre of the ruby pin from the centre of the 
roller. The roller would be placed on the conical tit as shown in 
the engraving, Fig. 5, the slide closed till the scale marked '07, 
and then a tap on the punch would accurately mark the centre 
desired. The pallet staff hole of the lever would then be placed 
on the tit, the gauge opened till it marked '21, and a tap on the 
punch would give the position of the mouth of the notch. 

Inmakinganewleveritiswell to start with it full long, because 

* The practice of rolling the pallet steel to harden it is not a good one, 
gs tU^re IS danger of magnetizing it in the operation. 
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Kleepnotchismiicheasier to polish than a shallow one. When 
i notch is finished the horns can be filed off as required. 
laTage'i Two-Pin Escapement. — With a view to avoid the 
mewnat oblique action of the impulse pin, Savage introduced 
etwo-pin escapement (Fig. 6). In place of theordinary impulse 
pin.twoverj'smallpinsareplacedintherollerso that one of them 
begins to unlock just before crossing the line of centres. The 
passing space for the safety pin, instead of being formed like a 
crescent, is a notch into which the safety pin fits, and by the time 
the unlocking is finished, the safety pin has been drawn into the 
notch and gives the fir.st portion of the impulse. After it has left 
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Fig. 6. Savage's Two Pin. 
the notch, the impulse is completed by the notch of the lever 
striking the second small pin in the roller, which has by that time 
reached the line of centres or nearly so. In order to get the safety 
pin wellintolhenotch,thisescapementrequirespallets having 12" 
to 15° of motion, which is objectionable, and the lever and roller 
action is be sides avery delicate job, and fails ifnot thoroughly well 
done; so that, although theideaistaking, this form of the escape- 
ment has never come much intouse, and when it is madeonewide 
stone is generally substituted for the two pins in the roller. 

The unlocking nearer the line of centres is also accomplished 
in what is called the anchor or dovetail escapement, in which the 
impulse pin is wider than usual, and of a dovetail form. It is 
open to the objection that, on account of the increased width of 
the impulse stone and of the lever, banking will occur with a 
smaller vibration of the balance than with the usual form. 

Kesilient Eacapementa-^A watch balance in general use rarely 
vibrates more than a turn and a half, that is, three-quarters of a 
turn each way ; yet occasionally, from pressing on the key after 
the watch is wound in going-barrel work, sudden movements of 
the wearer, or other cause of disturbance, the balance will swing 
round till the impulse pin knocks the outside of the lever. If this 
t banking is violent, the timekeeping of the watch is deranged, and 
Hb^ broken pivot may also result if the pivots ate ?iTOaSV. To'^NVi**; 
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the evil of such banking, various plans have been tried. The most 
usual is to make the banking pins yield to undue pressure, and 

allow the impulse pin 
to pass the lever, the 
wings of which are 
omitted, as shown in 
Fig. 7. Mr. J. F. Cole 
devised a resilient es- 
Fig. 7. Spring Bankings. capement without any 

banking pins, in which the teeth of the escape wheel were so 
formed as to resist the entrance of the pallet into the wheel 
more than was required 
for ordinary locking. 
(See Fig. 8). In the 
event of overbanking, 
the pallet compelled 
the escape wheel to 

recoil, so that the ^ 

mainspring was really "^ — 7 

utilized as a spring // 

banking. But in the ^^ 1 

use of any of theseC^^^/ 

resilient arrangements ' 

there is a danger of Fig. 8. Cole's Resilient. 

" setting." When the banking is so violent that the impulse 

pin drives the lever before it, all is well, but it is sure to happen 

sometimes that just as the impulse pin is passing the lever its 

motion is exhausted, and it jams against the point of the lever 

and stops the watch. In a recent arrangement, Mr. Schoof 

claims to have overcome this tendency to set by using very weak 

spring bankings. Another objection to spring bankings is 

that in their recoil they are likely to drive the safety pin against 

the edge of the roller. 





Taylor's Resilient Escapement. 

Taylor^s Eesilient.— This is one of the latest forms of resilient 



action. On the lever A are springs with horse-shoe curves b, ' 
and points c, which fomi the notch ; e, the usual solid bank- 
ing pins for lever ; F, banking for the springs c. It is claimed 
that when the iinpulse-piu, after a vibration of excessive ampli- 
tude, strikes the notch formed by the springs, the spring, yield- 
ing backward and inward, allows it to pass freely, and there is 
nopossibility of the impulse pin setting against the springs. 

TBxietiei of the Lever Escapement. — The Swiss, and indeed 
most foreign watchmakers, form the tips of the teeth of the 
escape wheel into inclined planes, so as to divide the impulse 
between the wheel teeth and the faces of the pallets, like Fig. 
lo. It is urged that the wheel is not so fragile when made in 
this way, thai less drop is required, and that the oil is not drawn 
away from the tip of the tooth by capillary attraction. On the 
other hand, English watchmakers maintain that as at some time 
during each impulse the planes of the wheel and pallet nearly 
coincide, the increased surface then presented to the varying 
influence of the adhesion of the oil is a serious evil. Then 
with " club teeth," as they are called, there is more difficulty in 
satisfactorily replacing a wheel than with ratchet teeth, for in 
the former case the planes 
must be of exactly the same 
angle and of the same length 
in the new wheel as in the 
old one With brass wheels 
the impulse faces on the 
wheel g'et cut into ruts, but 
the Swiss avoid this by using 
steel wheels, and also much 
reduce the extra adhesion 
due to increased .surface by 
thinning the impulse planes of the teeth. Swiss escapements 
are as a rule commendably light, but the levers are dispropor- 
tionately long. In another form of the escapement the whole 
of the impulse plane Is on the 
wheel teeth, the pallets being 
small round pins, as in Fig. ii. 
The draw on the pallets is 
necessarily unequal and there 
is consequently a tendency 
for the exit pallet to set. In 
most foreign lever escape- 
ments and occasionally in 
English, the roller is planted 
in a line with the escape wheel and pallet staff holes instead of 
as shown in Fig. i. This alteration of the position of the lever 
with relation to the pallets has often provoked controveTS,-:) ,V.mS. 
there is practically no advantage either way exce^^. a.s a. ■m.'s.W.ex 
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of convenience in arranging the caliper of the watch or in 
manufacturing the parts, though the straight line escapement 
certainly allows of the poising of the lever and pallets with less 
rechnulant metal. 

Vumber of Teeth in Escape Wheel — Mr. Schoof strongly advo- 
cates the use of escape wheels \*nth but few teeth. There is no 
virtue in the particular number of fifteen, and with a very large 
number the planes of the pallets may become so oblique with 
relation to tne path of the teeth that the wheel will start them 
with difficulty There is no doubt also that with fewer teeth 
the proportionate loss from drop is lessened, but, on the other 
hand, using for a watch an escape wheel with less than the 
usual number of teeth necessitates an extra wheel and pinion 
in the train or an increased number of teeth in the fourth wheel 
with, of course, proportionately increased wear of the escape 
pinion, unless there is a reduction in the number of vibrations 
of the balance, which again is open to objection. Mr. Alfred 
Cur/jm points out that for a carriage clock, where the ntunber 
of vibrations is materially less, an escape wheel of twelve teeth 
answers much better than one of fifteen, because there is less 
danger of the teeth setting on the impulse planes ; and those 
who have to do with carriage clocks with the fifteen toothed 
wheel know that if allowed to run down they do sometimes set 
so hard that after winding inexpert owners are unable to start 
them again. 

Pallets with Equidistant Lockings. — The drawing. Fig. i, shows 
the jKillets at an equal distance from their centre of motion, and 
they are generally made so. But then, although the impulse 
])lanes are ecjual, the locking faces are not the same distance from 
the centre, and the locking resistance is therefore unequal. 
Pallets are occasionally made having the lockings equidistant. 
Although advocated by Grossman and other authorities, they 
are but seldom used. The action of the wheel tooth on the im- 
])ulse j)lane of the entering pallet, before the line of centres 
is an engaging action, and on the exit pallet after the line 
of centres a disengaging action. The friction is therefore 
greater on the entering pallet, and when an escapement sets 
on one iiii])ulse face, it is in nine cases out of ten the impulse 
face of the entering pallet. From this it is argued by some that 
if either pallet should be placed further from the centre of 
motion it should not be the exit, but the entering pallet, so as to 
give it a more favourable leverage wherewith to encounter the 
greater friction which undoubtedly exists. But there is really no 
advantage in the longer arm, for it has to be pushed through a 
greater distance by the wheel tooth than the shorter one. Arrange 
the length of the pallet arms howyou will, you getbut the force of 
the wheel passing through half the distance between two teeth. 
4.S* far as the relative adhesion o{ the oil goes, the advantage is 



witti a shorter ann. But the chief objection to the equidistant ' 
lockings is that with them the leaving corner of the exit pallet 
(lips further into the wheel than with circular pallets, thereby 
requiring more drop to give the requisite freedom. 

Examination of the lever EBoapement, — See that the balance 
staff is perfectly upright. See that the wheel is perfectly true on 
edge and on face, and that the teeth are equally divided and 
smooth ; also by gently turning the wheel backwards, see that 
the pallets free the backsof the teeth. If the wheel is out of truth 
it must be set up in the lathe and re-bored. It can be fixed either 
with shellac or in a brass sink bored out the exact size to receive 
it. If the divisions are unequal, or the wheel has some thick 
teeth, it should be discarded. It is useless to attempt to make 
t!ie wheelright.andtoredncetbecornersof the pallet to free the 
wheel is simply to spoil the escapement for the sake of the wheel. 
At the same time, it must be left to the operator to judge 
whether the amount of the inaccuracy is serious. The whole 
affair is so miniite that no rule can be given. 

Is the wheel the right size? If the lockings are too light, and 
the greater part of the shake inside, the wheel is too small, and 
should be replaced byone larger. Before removing the wheel, 
gently draw the balance round till the point of the tooth is 
exactly on thelockingcorner,andseeif there is sufficient shake. 
If not, it will be prudent to have the new wheel with the teeth 
a little straighter than the old ones. If the lockings are too 
deep and most of the drop outside, the wheel is too large aud 
should be topped.* 

The wheel is so fragile that care is required in topping, which 
is done by revolving it in the turns against a diamond or sapphire 
file. A brass collet is broached to fit friction -tight on one of the 
runners of a depth tool : one side of this collet is then filed 
away, leaving sufficient substance toavoidburstinginto the hole. 
On this flat a small piece of sapphire file is attached with shellac, 
taking care that the /af(T^/j4c file h parallel to the cetihe of the 
runtter. The escape wheel ou'its pinion with the ferrule attach- 
ed is placed in the centres of the depth tool furthest from the 
adjusting screw, and the collet and file on one of the opposite 
centres, and that centre fixed firmly by its clamping screw. A 
verylight air bow is used to rotate the pinion, and the depth tool 
laid on its side on the work board — ^the tool being closed by its 
screw until the teeth of the wheel nearly touch the surface of the 
file; now ifa slight pressure is made by the fingers on the upper- 
most limb of the tool, at the same time rotating the wheel by the 
boW', the s;*/-iK^^ of the tool will allow the teeth to be brought into 

■ In planting the wheel and pallets it is always best to err, if at all, by 
^.tnakio}; them too deep rather than too light. If they are a shade deep, 
Bttpjiping the wheel aoon puts matters titrht. 
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cr^itact very slightly and without fear of bending^ the teeth ; the 
wheel can be reduced as much as is necessar\-. 

If the wheel is the right size and there is no shake (which try 
as before directed;, the discharging comer of the pallets may be 
rounded off by means of a diamond file if they are of garnet If 
they are of ruby, they may be held against an ivor>- mill charged 
with diamond powder. If the lockings are too light and there is 
but little shake, they may be made safe by polishing^ away the 
lockinji^ face asufficient quantity. If one locking is right andone 
is too lij^ht, the one that is too light maybemadesafe by polishing 
away the locking face as before, or the pallet may be warmed and 
the stone brought outabit. Thelockingfacesof thepalletsshould 
be sufficiently undercut to draw the lever to the banking pins 
without hesitation . I f they require alteration in this respect, polish 
away the U])per i)art of the locking faces so as to give more draw, 
U-avin;< the locking cornkr quite untouched. But proceed with 
^re.'it care, lest in curinjj this fault the watch sets on the locking, 
as small watches with light balances are ver>- liable to do. If a 
watch sets on the lockings, or on one of them, the locking face 
or faces may be polished away so as to give less draw— 
/. ('., have most taken off the corner of the locking. If the watch 
sets on the impulse, the impulse face may be polished to a less 
an>^k' if the lockinj^ is sufficiently deep to allow it. For it must be 
remembered that in reducing the impulse the locking of the op- 
])osite ])allet will also be reduced. In fact, the greatest caution 
should be exercised in making any alteration in the pallets. 

Sometimes in new escapements, the oil at the escape wheel 
teeth will be found to thicken rapidly through the pallet cutting 
the wheel, showing that one or both corners of the pallet are too 
sli.'irj). I f ruby, the corner may be polished off with a peg cut to 
tlHshai)e of a pivot polisher, and withalittleof the finest diamond 
l)ovv(lerin oil ; if garnet, diamantineon a peg will do it very well. 
( ireat care should be taken to remove every trace of the polishing 
material, or the wheel may become charged with it. 

See that the pivots are well polished, of proper length to come 
tliroujj^h the holes, and neither bull -headed nor taper. A conical 
l)i vot should be conical only as far as the shoulder; the part that 
ruus in the hole must be perfectly cylindrical. They must have 
l)erccj)tible and equal side shake, or if any difference be made the 
])allet i)i votsshould fit the closest. Both balance staff pivots should 
l)e of exactly the same size. The end shakes should all be equal. 
Jiad i)ivots, bad uprighting, excessive and unequal shake in the 
pi vots are responsible for much of the trouble experienced in posi- 
tion timing. With unequal end shakes the pallet depth is liable to 
bealtered owingto the curved form of the pallet faces. The action 
of the escapement will also be affected if the end shakes are not 
equal, by a banking pin slightly bent, a slight inaccuracy in up- 
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fchting, and other minute faults. The iiifinitesmal quantity 'J 
tessar>' to derange the wheel andpallet action may be gathered 
Jm the fact that a difference of -002 of an inch is quite enough to 
■ke a tripping pallet depth safe or correct depth quite unsound, 
TVhen the wheel and pallets are right see that the impulsepinis 
B line with an arm of the balance, and proceed to trj'ifthelever 
jced in the correct position with relation to thepallets. Gently 
_rve the balanceround till the tooth dropsofFthepallet. Observe 
t position of the balance arm, and see if it comes the same 
ttance on the other side of the pallet hole when the other pallet 
Bs off. If not, the pins connecting pallet andlever are generally 
Tht enongh to allow of the lever being twisted. To do this 
bcessfully a clamp to grasp the back and belly of the pallets, 
bhown in Fig. 12, or some similar tool is necessary. Mr. R, 
ndgman has devised a very superior clamping tool for pallets, 
Ttich. with some modiiication by Mr. C. Curzon, is shown in 
g. 13, There is a spring for keeping the slide in contact with 
B pallets when they are placed in position, and until they are 
ppped tight by the screw and a lever under the body of the tool, 
Pmeansofwhichthe spring is overcome and thepallets released 
■en the operation is completed. It will be seen that the screw 
^ses through a split nut, which may be set up as it wears. The 
»s of the tool should be faced with tin to avoid marking the 




Fig. T2. Fig. 13. 

Jallets. When the lever is right with relation to the pallets, 
^e that the pallets are quite firmly fixed to the lever, and that 
the lever and pallets are perfectly in poise. This latter is an 
essential point in a fine watch to be timed in positions, but it is 
often neglected. 

See that the escapement is in beat. When the balance spring 
is at rest, the impulse pin should be on the line of centres, that is 
in the middle of its motion. If this is not so, the spring should 
be drawn through or let out from the stndif the position of the 
index allows ; if it does not, the roller may be twisted round on 
the staif in the direction required. 

Is the roller depth right? If the safety pin has iusulRcicut 
freedom while there is enough run, the roller is probably planted 
too deep. On the other hand, if it is found that while. Ib.^s'a.fe.'s.-^ 
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pin has plenty of freedom there is no shake between the banking 
the roller depth is probably too shallow. WTien the impulsepiiiis 
led round there should be an equal clearance all round the inside 
of the horn, and the pin must fall safely into the notch. If it 
binds in the horn and bottoms in the notch it is too deep, and, on 
the other hand, if with excessive clearance in the horn the pin 
when it falls does not pass well into the notch, it is too shallow. 
The readiest method of altering is to warm the roller, removethe 
impulse pin, and using a to-and-fro motion with a wire and oil- 
stone dust, draw the hole in the required direction. If thepinis 
rlecp in the notch and too tight in the roller to give a little, it 
shouhl be removed and flattened off a trifle more. If too shallow 
a triangular pin, or one of some other shape with the point of 
contact more forward, can generally be substituted by polishing 
out the hole towards the crescent. If not, the staff hole in the 
lever may be drawn to allow of shifting the lever sufficiently; 
or the recesses for the jewel settings of the balance staff pivots 
may be scraped away on one side and rubbed over on the otherto 
suit. See as it passes round that the impulse pin is free when 
in the notch. 

J ust as the safety pin is about to enter the crescent, the impulse 
])in must be well inside of the horn. In the single roller escape- 
ment a very little horn is recjuired, unless the crescent has been 
made r)f an unnecessary width. In ver>' common work one 
oc(asir>nalIy sees a flat filed on the edge of the roller instead of 
.1 crescent. There is no excuse for such a piece of bungling. 

A fault f)Ccasionally met with is that the impulse pin after 
leaving the notch just touches on some part of the inside of the 
horn in ])jissingout. Ifawedge of cork is placed under the lever, 
so that the lever moves stiffly, it can be readily seen whether or 
not the ini])nlse i)in is free to leave the notch, and is free all 
round the horn when the wheel tooth drops on the locking. 

See to the safety action. When the tooth drops on to the 
hx'kin^, the safety pin should be just clear of the roller. If it is 
not clear, the edge of the roller should be polished down till it is 
ri^ht. If there is more than clearance, the safety pin must be 
brought closer to the roller. See upon pressing the safety pin 
against the rollerthat the tooth doesnotleavethelocking, and that 
the impulse ])in is free to enter the notch without butting on the 
horn of the lever ; also that the safety action is sound, so that the 
pin is in no danger of passing the roller. If the action is not sound 
the diameter of the roller should be reduced and the safety pin 
l)n)ught towards it sufficiently to get a sound action if it can be 
done, l)ut if the escapement has been so badly proportioned as not 
to aUowof a S(mnd action beingobtained in this way, the pin must 
be shifted forward and the bankings opened to allow more run. 

See if the banking pins are so placed as to allow of an equal 



225 

run on each side. If not, they should not be bent, for with bent 
banking pins a difference in the end shakes of the pivots will 
cause a difference in the run. The banking pin allowing of the 
most run should be removed, and the hole broached out to 
receive a larger pin 

. . A fault rather difficult to detect, which is sometimes met 
with in the double roller escapement, is the end of the impulse 
pin slightly touching the safety finger, caused by excessive 
end-shake, or from a longer impulse pin than was originally 
intended having been put in. 

Liifting Piece. — \petentillon. — Der Ansldsungshebel.^ — In a 
striking clock, a two -armed lever that lifts the rack hook. 
(See Striking Work.) 

Liine of Centres. — [^Ligne des centres. — Die Mittelpunkts- 
linier\ — A line passing through centres. In a lever escape- 
ment, the line passing through the centre of the pallet staff and 
the centre of the balance staff. 

Liip S . — \_Levres. — Die Hcbiiiigsfldchen ( Cylinder).'] — The 
rounded edges of the cylinder in a Cylinder Escapement, on which 
the escape wheel teeth press to give impulse to the balance. 

Liitherland, Peter. — I*atentee of the Rack lycver Escape- 
ment (No. 1830, Oct., 1791). 

Live Spindle. — \_Arbre totiriiant. — Die rotimide Welle 
{Drehba7ik).'\ — A rotating spindle ; applied generally to the 
rotating mandril of a lathe. 

LiOCking. — \Repos. — Die 7?7^/^^.]— -The act of stopping the 
escape wheel of a watch or clock. The portion of the pallet on 
which the escape wheel teeth drop. 

liocking Plate. Count Wheel.— [7?^?^^ de co7npte. — 
SchlosS'Scheibe]. — A circular plate with notches in the edge at 
distances corresponding to the hours struck, used in striking 
work of a kind rarely made except for turret clocks. The 
primitive form of this striking work is vShown in the engravings 
of " De Vick's clock," and a modern arrangement is given 
under the head of ** Striking Work." Though simple, it has 
the defect that the hours are struck in regular progression 
without reference to the position of the hands. 

LiOCking Spring. — [^Ressort de femieture. — Schliessfeder.'] — 
The spring of a watch case that keeps the cover closed against 
the force of the fly springs. (See Case Springs.) 

liOseby, Ed"ward Thomas. — Inventor of a compensation 
balance (Patent loii, December, 1852). The rims are bimetal- 
lic of brass and steel, shorter than usual ; at the end of each 
segment of the rim is a cup-joint, in which is placed a glass 
vessel consisting of a curved arm and a bulb, which contains 
mercury. The curved arm is sealed with a little air in it to 
insure the continuity of the thread of mercury when if coti- 
tracts. It is apparent that by bending the eu-p-^omX., *Oci& ^\- 
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rection of the glass arras may be altered, and in this ■ 
ver>' exact temperature adjustment ob- 
tained. Chronometers with thisbalance 
were remarkably successful at the 
Greenwich trials from 1846 to 1853. 

Iiunette. — [ I'errc de montre ordin-i 
aire. — Die geivohnlichf: Uhrglasfomi.']— 
The usual form of rounded watch glass. 
Magnetism. — \Jilagnctisme. - — Der 
jl/ag^iif/r'imtts J A magnetised watchmay 
be demagnetised by placing it for a few _ 

seconds in the solenoid of a dj-nanio or other magnetic coil. 
ALTKRNATOR. through whichau o/towa/fn^ 

ail-rent of high intensity is 
passing, aud then gradually ^^^ 
withdrawing it while th^^^H 
current is flowing. ^^^| 

Where access cannot be^^| 
had to such a coil, the fol- 
lowing description of a more 
modest demagnetizing ap- 
paratus attached to a lathe = 
may be useful. Here the cur- 
rent is obtained from a series of 6 Or other number of Leclanche — 
cells. A coil large enough ^ 
to receive a watch is pro- — 
v-ided and an alternator ~-m 
fixed to the mandril of the =rs 
lathe which is then rotated. — 
The alternator consists of a _^a 
coreof boxwood with brass ^^ 
tubing over it, the tubing "^^^^ 
being cut as shown in the -"""^ 
enlarged view. The cuts are^^s 
Enil View. fijled up ^nh sealing wa x-= ^ 
to prevent sparking. On a block of wood are four contact pieces^^^ > 
two for the coil on one side of the alternator and two to the^ ^ 
battery on the other. The contact pieces are of brass witte=3 
small dabs of silver where they rub on the alternator. 

This apparatus ivill be found effective for demagnetizin ^^^ 
small pieces even if the current is not sufficiently strong tc — ' , 
treat the watch as a whole. 

A way of demagnetizing without a battery is to secure to th-^^ 
chuck of a lathe with the points outwards either a strong hors^=- 
shoe magnet, or if possible two or three clamped together in ^ 
}jlock of wood so that the wood is between the beud of tl»- < 
magnets and the lathe chuck. ■W\^\e XV^ ■mi.'gt^fe\.'=, axe tapidB- y 
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, ^feel to be operated on is to be held as close to 

their points without touching as possible, and then very slowly 
withdrawn till quite out of the range of the magnets. The 
work may be held in ivory, wood, or all brass pliers, but not, of 
course, in a steel holder of any kind. 

To ascertain if any and what parts of a watch are magnetized 
without taking it down, Dr. Waldo recommends suspending a 
minute fragment of iron wire, previously annealed by subjecting 
it to a red heat, from a slit in the end of a peg by means of a 
strand of the finest silk. This forms a kind of small fishing-rod, 
which may be approached to the suspected parts in succession. 
If the soft iron is attracted the presence of magnetism is assured. 
The parts most likely to derange the going of a watch are the 
balance, balance spring and case springs, and next to them the 
lever. Pieces proved to be magnetic should be removed and 
demagnetized. Case springs may be heated to redness to get rid 
■^f magnetism. Most parts of watches may be advantageously 
held during the operation by waxing them to a cork. 

To divest steel work of magnetism with bar magnets is slow 
*ork, but is considered by many the most permanently effectual 
^Urse. It is necessary to have three or four magnets of different 
^Zes, also a good horse-shoe magnet for recharging, for straight 
™agnetssoou lose strength. Apiece of bar-steel of the required 
"i^e, hardened first and then charged by the horse-shoe magnet, 
***swers the purpose, or an old worn-out round or square file, or 
^^Umpof an oldgraver. will do equally well, and save the trouble 
^* liardening. The size of the magnet used must be determined 
. S" the size of the article operated on. A watch balance, for 
'**stance, is one of the most troublesome things to treat. Take a 
T^agnetabout3incheslongand J inch square. It will be found 
•^at polarity is situated principally in the neighbourhood of the 
^'"ms of the balance, and these are the points to be first attacked. 

Hangthebalancebyitsrimonapieceofbrasswire.and approach 
^liemagnettowardstherimin thedirectionof oneof thebars. If 
?t should be attracted towards the magnet, try the other pole, and 
't will be found to repel. Now take the balance in your hand and 
^ring the repelling pole of the magnet in momentary contact 
^ith the balance at the point tried, then test it with a minute 
fragment of small iron binding wire; if still magnetic bring the 
iJiagiiet in contact again, and so on — trying after each contact — 
till the magnetism is entirely out at that point. Suspend the 
t>alanceon the brass wire as before, and proceed to try the rim at 
IVie point where the second arm comes, and the same with the 
third. Having got the ma^etism out at these three points j 
therevrillbebutlittleremainingin the balance- However, try it ^ 
QarefuUy all round, when several placeswiUpTo\ia,\iVj\ie.^W(m.'SiS| 
i-etaining- .'Sufficient magnetism to pick up asmaW ^ta?,\aeo.\. qV 
iroti. These must all be treated iu the mannei Xjeioie ^t=,cvfe^ 
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but when the magnetism is verj' feeble a smaller magnet must 
be used, for if the magnet is too powerful the article operated 
upon discharges what little remains, and before contact can be 
broken, begins to pick up again off the reverse pole. After having 
operated successfully on the other portions of the balance, it 
frequently happens that it has become slightly charged again by 
one of the anns ; tr>' the pole as before, and a few^ contacts, 
sometimes but one, of one of the smaller magnets will suflfice. 
A little patience is required, for it is often twenty minutes or 
more before the desired end is accomplished. After treating a 
balance always tr>' whether it is in poise. The balance spring 
stud, which is usually found to be charged when the balance is 
so, is easily treated. Tr>' the poles, and a few contacts will 
draw all the magnetism out of one end. when so little will be 
found remaining in the other that one touch of the other pole 
will usually be sufficient. Even the balance spring may be suc- 
cessfully treated, thou.::>h so strongly charged as to be "feathered" 
with iron filings after being immersed in them. A good way to 
tr}' the polarity of many pieces is to suspend the article by means 
of a particle of wax, to a piece of the finest silk. Steel filings, or 
fragments of chain wire, should on no account be used for 
testing ; for if not magnetic to begin with they speedily become 
so by contact with the article under treatment. Even with 
soft iron it is w^ell to change the fragment you are testing with 
occasionally. (See also Non-Magnetizable). 

Mainspring. — \_Rcssort viotcu7\ — Zugfeder,'] — The long rib- 
bon of steel used for driving a clock or watch. The mainspring 
is usually coiled into a circular metal box called the barrel, the 
outer end of the spring being attached to 
the rim of the box. The box is mounted 
on an arbor to which the inner end of the 
mainspring is fastened. By the act of 
winding a watch or clock with a going 
barrel, the barrel arbor is turned round 
and round till nearly the whole of the 
spring is drawn away from the rim of the 
box, and coiled round the arbor. The 
escapement of the watch or clock stops 
the barrel from turning with the arbor and a click on the plate 
taking into a ratchet on the arbor prevents the arbor recoiling 
when the winding is completed. The tension of the spring 
strives to turn the barrel, and so the force exerted in winding 
is utilized to drive the train of wheels until the barrel has made 
as many turns as were given to the arbor in winding. beed . 

In order that the mainspring may not be injuriously con- 
tracted, the part of the barrel arbor to which it is attached is 
enlarged or colleted. For watches and 2-day marine chrono- 
meters, the collet is on^-thiid Xlci^ diameter of the inside of the 




229 



barrel. The barrel arbor gauge, shown in Fig. i, is a pair of 

double-ended 




or 



propor- 

rtional callipers; the long 
ends for the inside of the 
barrel are three times the 
distance from the centre of 
motion, and always open to 
Fig. I. three times the size of the 

shorter ends, which are for gauging the barrel arbor collet. 

When a suitable spring and arbor are in the barrel, there 
should be as much unoccupied space as is equal to the bulk of 
the spring. Then if we suppose the inside diameter of the 
barrel to be divided into loo equal parts, the spring will occupy, 
when nearest the circumference of the barrel, 26 of those parts 
(13 on each side) ; when wound close round the arbor, 41 parts; 
or, together with the arbor, 74 parts. These proportions may 
be readily measured with the sector. 

In 8-day marine chronometers, taking the inner diameter of 
the barrel as 100, the arbor is generally made = 43, and then 
arbor and mainspring wound should measure 77-4, and the coil 
of mainspring when unwound 22*6, that is 11-3 on each side of 
the barrel. 

Whatever the size of the arbor, if the outer diameter of 

THE SPRING WHEN IT IS WOUND IS THE SAME AS ITS INNER 

DIAMETER WHEN UNWOUND, IT WILL BE RIGHT, and the differ- 
ence between the number of coils when the spring is wound 
and when it is unwound will be the number of turns the barrel 
will make. In a great many instances, too much spring is 
crowded into the barrel. 

It may be required to find the proper thickness of the coiled 
ring of mainspring in other cases when the diameter of the 
arbor bears a different proportion to the size of the barrel. 
I^et B = inner diameter of the barrel. 
A -= diameter of arbor. 

T= thickness of the ring of mainspring when lying 
close to the rim of the barrel. 
Then T= B - y/ / B" + A ' 
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In order to get a given number of turns to find the number 
of coils there should be in the barrel when the mainspring is 
unwound : — 

L,etM= the mean diameter of spring when unwound. 
m = the mean diameter of spring when wound. 
P = the proportion between the mean diameter of 
spring when unwound and its mean diameter 
when tightly coiled about the atbot. 
/ =- the given number of turns. 
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.. (T = the number of coils when the spring is unwound. 
Then P= J/^ «. 
And C = y^P X / • -h 1.5. 
This gives an extra coil and a half on account of the ends of 
the spring not coming into action, and will be found to be an 
ample allowance. 

Example. — The diameter of a barrel being -7 and the 
diameter of arbor 2^. it is required to get 6-5 turns. The 
diameter of the circle, which represents the inner diameter of 
spring when unwound and the outer diameter of it when wound 
is -52. The mean diameter of the unwound spring is -61, and 
the mean diameter of it when wound is *376. 

Then bi -=- 376 = 1*62. And 1-62 x ^'5 + i'5 = 12*03, ^^ 
sav 12 coils. 

Twelve is a suitable number of coils for a going barrel, when 
the spring is unwound. As we see from the above example, 
it allows two turns for setting up, and half a turn to spare. 

For a fusee watch five turns and a quarter, giving three-quar- 
ters of a turn for setting up and half a turn to spare, would be 
sulficient for the most extreme case. Taking the preceding pro- 
portions we have 1*62 x 5*25 4- 1*5 = 10, which is the number 
of coils required for 5*25 turns. Generally but three and a 
half turns are required tor use, and unless an unusual length 
of the end of the spring is left soft, less than three-quarters of 
a turn w*ill suffice tor setting up. The ordinar>' custom of pack- 
ing 13 or 14 turns into the barrel, filling it unnecessarily, and 
lea\'ing room for but 4*5 or 5 turns of action and little or nothing 
to set up, involves the use of the weak end of the spring only. 
An equal adjustment with greater power and freer action may 
be obtained with fewer coils, as shown by the above examples. 

If the vibration of a watch is too small, it may often be sufficiently 
increased by breaking off one or two excessive coils of mainspring. 

To find the thickness of mainspring necessary, divide the 
thickness of the coiled ring of mainspring when unwound by 
the number of coils. Taking the thickness of ring and number 
of coils, as in the last example we have — 

.09 -i- 10 = -009 the thickness required. 
Practically the thickness wovdd be a little less, for the coils do 
not lie absolutely close together. 

Tapering Mainsprings. — It was at one time thought that the 
force of the spring in going barrels might be equalized by 
thickening the inner coils, but all such attempts have ended in 
failure, because of the extra coil friction thereby induced, and 
most springs for use with the fusee are thinned at the inner 
turns, to lessen the coil friction and induce a better action of 
the spring. 

At page 185 is shown an adjustable spanner, suitable for set- 
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ting Up or letting down watch mainsprings, bj- engaging in the 
teeth of the ratchet. 

Hooking tlie Hainspring. — The attachment of the outer end of 
the mainspring to the barrel is usually made either rigid by 
means of a square hook riveted to the mainspring, or free to 



Fig. 2. Fig. 3 

adjust itself by being hooked to a stud fixed in the barrel, A 
ready way of making the square hook is to fix a piece of rect- . 
angular steel, to the hole in the barrel as shown at Fig 2, first 
seeing that the hole in the barrel is not at less angle than about 
45", or the hook will be apt to draw out when in use. When the 
steel is properly fitted, mark on it with a fine point the curve 
of the inside and outside of the barrel, as shown by dotted lines 
in the figure, leaving enough of the steel inside the barrel to 
form the pivot. Then catch the steel in the vice at the same 
or a slightly less angle than it occupied in the barrel, and form 
the pivot as close to the slope on which the strain comes as 
possible. Fig, 3 shows clearly what is meant ; the jaw of the 
vice is there indicated by dotted lines. The object of placing 
the steel in the vice at a slightly less angle than it occupied in 
the barrel is so that when the hook is in action the strain shall 
be taken at the koot of the .slope. Some watchmakers use a 
cutter for finishing the pivot and shoulder of the hook like a 
rose cutter. It is formed of a piece of round steel, up to the 
middle of which a hole is drilled of a size to just admit the nose 
of the pivot. At the end of the piece of steel around the hole 
serrations are fixed (see Rose CutterJ. A few turns of this tool 
quickly finishes the pivot and shoulder. The pivot hole in the 
spring may now be made. If the spring is softened sufficiently 
to enable it to be drilled, it will be right. The spring should 
not be tampered, hut just rounded at the end, and bent to the 
circle of the inside of the barrel. In large hook.s the pivot 
should be annealed to a red or the rivet may crack. 
To prevent the spring drawing away from the hook, Mr. 

kAithurWebbrecommendsthe insertion between the mainspring 
imd the rivet of a piece of mainspring about half the y^vctaesa 
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of the spring which is being operated upon, and a sixth of the 
circumierence of the barrel in length. 

The drawback to making the hook in the way just described 
is that the pivot cannot be got quite close to the slope on which 
the strain is taken. Mr. Bickley has favoured me with the 
following detailed instructions for hooking in the spring in the 
best manner, wherein the pivot is formed close to the root of 
the slope. Having selected a suitable spring, which, to ensure 
freedom in the barrel, mUvSt lie well under the groove of barrel 
cover, temper the end, taking care not to soften it too much or 
too far up the spring. Drill the pivot hole (supporting the 
spring against a piece of brass while doing so) pretty near to 
the hard part of the spring, and at a point corresponding in 
height to the centre of the barrel hole. If the pivot hole is 
made too much into the soft, it will cause the spring to 
buckle or bend in riveting the hook. Proceed to make the 
hook by turning or filing the pivot on a piece of narrow, 
flat steel (Fig. 4). The pivot must be straight, or very 
nearly so, and fit the spring hole tightly; the shoulder must be 
-J clean and square and lie close up 

to the spring. P'ile the sides of 
the steel, keeping them paral- 
lel, and with the pivot in the 
centre, until the end of the 
steel on either side of the pivot 
will pass freely through the 
barrel hole. Now make the 
Fig. 6. back slope of the hook (Fig. 5) 




Fig. 4. 
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at an angle of al^out 45 ~ ; hold the steel in the vice while doing 
so, and continue the slope as in Fig. 6 up to the pivot, taking care 
not to nick the latter at the root. Reverse the steel in the vice, 
and file the front sloi)e at the same angle as the back (Fig. 6), 
shortening the base of the hook in the direction of the dottedliue 
until it is right length. This will be determined by placing the 
back slope of the hook on the outer slope of the barrel hole, 
and trying it carefully and frequently until the front slope will 
pass through. The hook thus formed should pass freely through 
the hole, fitting it closely at the sides and ends, for more than the 
height eventually required. The pivot is now to be shortened to 
about twice the thickness of the spring and riveted slightly, the 
inner vside of the hole having previously been chamfered to re- 
ceive the rivet, which must project as little as possible above the 
spring. The hook is now to be cut off the steel as indicated by 
the dotted line in Fig. 6, and filed to right height. To ascertain 
the right height pass the hook through the hole in the reverse 
direction to that above-mentioned, i.e., with theyr^w/ slope of the 
hook towards the 02c ^er slope of the hole, and lower it until its 
height barely equals the thickness of the barrel rim. Polish the 
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hook and before winding in see that the spring is perfectly flat, 
and that its circular form is not disturbed at the hook. If 
properly made the hook will slip freely into the hole, and the 
outer coil of the spring will lie close to the inner circumference 
of the barrel. The outside of the barrel should never be filed, 
neither should the hook be tampered with after it is rivetted on 
the spring. If these directions are carefully followed, but little 
practice will be needed to ensure good fits, and to make the 
operation of hooking the mainspring a simple one indeed. 

The advantage generally claimed for the hook riveted to the 
spring over the eye attached to a stud in the barrel, is that the 
former being a rigid attachment keeps the coils of the spring 
equally diffused when under tension, instead of alio wing the turns 
to go over in a mass to the point of least resistance. But the 
spring must not be left perfectly hard at the rivet or it will break, 
and in many instances it is found that when the spring is wound 
it is bent at the rivet, forming an elbow. The advantage of the 
rigid attachment is then lost, and the spring goes over at once to 
the point of least resistance. Sometimes the end of the spring 
beyond the hook is thinned, and also filed to a point, but the 
chance of the spring breaking across the rivet is thereby much 
increased without serving any good purpose. This weakening of 
the projecting end appears to have been done at first to enable the 
watchmaker to tuck the end of the spring easily into the barrel 
when the springis wound up on the spring tool; but the same con- 
venience may be obtained when the end is left as strong as possible 
by bending it to the vShape of the inside of the barrel. It will then 
slip in without trouble. If a mainspring with a hook attachment 
keeps its shape without bending in to an elbow at the rivet, it will 
invariably be found upon examination that the barrel has been so 
full of spring thattheangleof inflection when the spring is wound 
is very small. The spring is consequently but little strained 
at the hook. But this excess of spring is clearly not economy 
of room or power, and does not permit of any better adjustment. 
Fig. 7 shows a fixed stud in the barrel. The round stud is a good 
form and is used generally for marine chronometers, Thehead 
of the stud should be in diameter about one-third of the width of 

the spring 
made as thin 
as possible, 
so as to pro- 
ject but little 
beyond the 
first coil of 
Fig. 7. Fig. 8. Fig. 9. the spring. 

After the stud is screwed home it should be rivetted on the out- 
side. The eye should be made close to the end of the sprin^^ 
which should be rounded as shown in Fig. 9. It V\\\.>Ccl'^tl ?!^^ss^ 
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an amount of play on the detaining stud that will pifedade all 
chance of breaking, no matter to what an^Ie the spniHgisdniinL 
The spring may also be wound up quite tight as oftemas maybe 
without any bend or kink in the attachment. It may, therefore, 
be assumed that the eye is the best attachment, at all eventsforthc 
going barrel, in which the spring is required to be set up as much as 
possible in order to strengthen the lower coils and get a good 
adjustment. 

Instead of a stud screwed straight into the barrel as shown in 
Fig. 7, a square hook is usually screwed in. The hook has more 
holdingpoweriftheholeisdrilledatanangleasin Fig.8. Thehole 
isoften too large. For the ordinaryrtmof watch work if itismade 
to suit No. 13 or No. 14 tap it will be right. The hook shotdd 
be screwed in from the inside of the barrel, the end being fimAed 
to proper length and angle before the pin is removed from the 
screw plate, and must not be left too long. A little more than the 
thickness of the first coil of spring is sufl5cient. More length, 
besides taking up room in the barrel, generally causes the barrel to 
bulgein the event of the spring breaking. Where the barrel is thin, 
care should be taken to have the thread of the screw suflSciently 
fine. 

The advocates of the hook in the spring assert that a better 
adjustment is obtained with a rigid attachment than with a 
yielding one, but I am told that the eye was used in preference 
for marine chronometers by the late John Poole, and most 
chronometer makers of the present day find there is no diflfer- 
ence in the adjustment, and also adopt the same kind of 
attachment. 

Pivoted Post. — To assist a free development of the spring, 
many French and Swiss watches with the eye attachment have 
a post interposed between the outer and next coil It is a piece 
of steel the width of the mainspring and a little thicker, with 
rectangular ends fitting holes in the barrel and cover. 

Other Methods of attaching the Mainspring to the BarreL— 
Among other methods of attaching the outer end of the main- 
spring to the barrel, one of the most simple and eflfectual, by M. 
Philippe, is to coil inside the barrel a piece of thicker mainspring 
of a little more than one complete turn in length, so that the ends 
just overlap. The mainspring of the watch is riveted to this 
loose piece, the adhesion of which against the barrel is suflBicient 
to drive the watch. Three or four half-round grooves are cut in- 
side the rim of the barrel, and a corresponding projection riveted 
to the outside of the loose piece, and the clickingof this projection 
as it enters the grooves indicates when the spnng is fully wound. 

Pivoted Brace. — Another plan is to rivet to the end of the 
mainspring a tee piece forming two pivots, one of which 
passes through a hole in the bottom of the barrel, and theothei 
through a hole in the barrel cover. In an arrangement by Mr 
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j Glasgow ("Fig. lo) these pivots, instead of 

I being retained in round holes, are free to 

I move in slots forming tangents to the , 
spring when it is wound, in order 
obtain a better adjustment. 

A device often adopted when the stop U 
workismissingfromawatch.is to connect V 
the end of the mainspring with the barrel 
by means of a short piece of spring, as 
shown in Fig. ii. This is sometimes 
riveted tothe mainspring, but Mr. G. Kir- Fig. lo. 

ton says that a better result is obtained by a loose piece rather 
longer than a third of the diameterof the barrel. A hook is 
I'omi ed on the end of the mainspring with pliers while it is held 
in the flame of a lamp, to catch over the end of theloose piece,as 
shown in Fig. 12. The loose piece may be made from the old 
mainspringwhcre it nearly corresponds with the curve of the 1 
barrel, and should have nicely rounded or sharpened ends. 





Fig. n. Kif. 

Attachment of the Sainspring to the Barrel Arbor.— The attach- 
ment of the inner end of the spring is universally made by a hole 
inthespringhookingontoaslightprojectionfromthearborcollet 
The collet should be suailed or formed into a volute, so that the 
part of the collet for the reception of the end of the spring is sunk 
equal to the thickness of the spring, 
r thus giving an even surface for tiie. 
next turn to pass over. The collet is 
usually of nearly the same width as 
the spring, and the hookisdriven into 
In watches the spring is made as 
wide as the t'Eiickness of the watch will allow, and consequently 
the holes lu the baiiiil and cover are often too thin to form a 
sound and lasting bearing for the arbor. Mr. Plose suggests 
the improvement depicted in Fig. 13. He makes the collet but 
one-third the width of the spring, and thus obtains very long 
^Moles for the arbor. The oil sinks are cut in the collet, aQ.4\.\i'4. 
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hook, instead of being driven in, is formed out of the solid. 
Sonne's Besting BaireL — Fig. 14 is a section of an arrange 
nitiit iiivtiitt-d by Mr. Lewis Donne, a is the upper and Btbt 
pillar [ihitL- of a keyless watch. The barrel is of steel, thin, and 
with a cciilral pn)jectiiij>; boss on the lower side, fitting a hole in 
theiiillarplatc. The ratchet wheel D is fixed to this centralboa 
by thruc screws, and sunk into the under side of the ratdet 
,—, wheel is the stop 

work. Tliegwt 
wheel (E)is tight 
on thearbor.and 
has a longbossto 
which the inner 
end of the main- 
-sp ring is hooked. 
Unless thewatch 
'■"'K- 14- is being wound 

thcharrd is stationary. As the ratchet wheel is turned in winding, 
the barrel moves with it. In the going of the watch, the main- 
sjiriiiK begins to unwind from the centre. A very much wider 
niainsprinfT is obtained than would be possible in the ordinary 
way. There are long holes for both pivots of the barrel arbor, 
and the steel ratchet wheel affords a sounder attachment for 
the -Midtese cross that the brass barrel or cover would do. 

Mainspring Hook.— [Ow-^c/ de rasort.—Dcr Fcdcrhakm.] 
— A little steel projection at the outer end of a mainspring, by 
means of which the mainspring is attached to the barrel. 

Mainspring Punch.— [/"/wee d pcrcer ks rcssorls. — Dk 
Fcd(rlochza!igc(y.iif;J'cdcr)^ — Tongs with moveable punches and 
dies for perforating mainsprings. An improved pattern shown 
in the engraving beside four punches for the spring carries also 





a ban-el hook punch. The inside of the barrel is placed on the 
projecting circular bolster which contains a hole to admit the 
hook. The punch is then firmly closed and a tongue-like pro- 
jection formed inside the barrel which answers as a hook for 
the spring. Punches for the barrel hook alone are also made. 
Mainspring Winder. — {Esirapade. — Der Federwindcr.']— 
An arbor ou the end of which a mainspring is tightly wound in 



order to get it into the barrel. Usually the arbor, mounted 
a standard, is furnished with a handle for turning, and a ratchet 
to prevent it running back. The sketch appended shows a form 
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of mainspring winder of American ori^n which is certainly | 
much preferable to the old pattern in which the spring is coiled | 
op between the fingers, whereby the fingers are often injured 
and the spring rusted, to say nothing of the chance of damaging 
the spring by kinking it when the operation of winding in is 
performed by unskilled hands. The new winder consists of a 
barrel with a slit in the side as shown, and a false bottom which 
may be pushed forward to eject the spring from the winder into J 
the barrel. There are three winding barrels of different sizi 
to cover the whole range of watch barrels usually met with. 

Maintaining; Power. — {^Entreiimi. — Das Contregesperre^ A 
— A device for driving a wntch or clock during the operation J 
of winding. 

H&rrlBon's Kaintaining Spring.^ — To obviate the danger of a 
watch or clock stopping while being wound, Harrison intro- I 
dticed the contrivance now used in all fnsee watches, as weir| 
as in regulators, and the better class of house clocks. 

Fig. I is a view of the larger end of a watch fusee, which is J 
fixed tight to the winding arbor. The great wheel rides loose 1 




"Fig. I. Fig. 2. Fig. 3- Fig. 4. 

on the arbor, as does also a thin steel ratchet wheel as large a 
the fusee, which is placed between the fusee and great wheel. \ 
There is a smaller ratchet wheel whose teeth are cut the reverse 
way, let into and screwed to the fusee, as seen in Fig. i. Fig. a 
shows that side of the larger ratchet wheel which is placed uesJ. 



^ . •* .• .^<^ ihireon take into the rzizh^. :^ ^bt 

- -^ -^" ,* -.Tivtion between the rw: pj^it:-. .\ 

, .. .'.■. .''f the spring (Fi^. - .L-it!i:t-r 

. .: ^^^.ecl. Fig. 4 show* i^t rrtr. 

. . .,\ * >^>.ioh a recess is tumei:: :":""tr 

. ^ -, . "^^^.x'l oan be brought :l:st:: — t 

\. :■ :>.o other end of the tztjzz ' 

. :*^ vM' the pin shown :r. zztr.r'i'- 

>. ■ . *A-'.' thus be seen that T^h'lt— = 

^ \.- :• :>.e larger ratchet wheel, 11= 

. ^ V. ^■^^*v''., The spring, be:' i niit 

,v * •.>.c mainspring of the -k-i::'- 

. ^ ^cnt up till the tail to-:"-£? 

V ^ -'■ ' -'c iireat wheel rotate? :- :J:e 

.* ^ -v.i.l the teeth of the Izzztr 

• . . . . < .*: .'.V :cnt. as it is called. Ii 

* ^ .-. : "^- :vvv:>ie wav, and the teetb cf 

. ^ ^ ■. *v iNxo olioks, which are pi vo:ei 

^ ^ s xX^v.v.ooting the larger ratche: 

^. *. c ' ^" IV.'. bend, drives the watch. 

^ . v^>:"!c base; for it cannot go 

.X x-. -^ ."* x"*-.s*N. which takes into it is 

V: :'^c top of Fig. 4 there is a 
^ * -- ■ ,^ .^ .^ ^*5:ht hole to obser\'e the 

^ v.-.vytant to see that on the 

.'/.x' •v.ainspring, j-et on the 

^. - 'C «-" vl rive the watch. The 

■. ^- c ^x'.voh attaches it to the 

- .- .« - ^ ^ «^'xv:ovl right through the 

. . -. -^v^ :>.c slot. There appears 

. ' ^. .v.*.c it often renders the 
. 'V K . ^^ ^ • •/.•!: ;: in the slot, which it 

. .\u':\ kW. centric. WTien this 

^ :*u* v::: niav be safelv filed 

^. . .^ V >...'•.. . ^:^ ^lot is unnecessar>', for 

. « . . .^ .'. V /.^sX^rtAined by obsennng 

. -NX . N XX. - . . > ■■ ^'v'^' "-v.^s .1 tu ark placed on the 

"..w". X ^ .X "'.^ /'iv xU'icv.t spring is much too 

..X' V . '.v' ' > - X- \".\v X*:" :>.c watch and in a few 

iiiv'u.^. . /'.x X x.x" . N\ '.V* '-'-^"'^ '"'-' ^' worn as to slip over the 

r i u . u M » '. '. x . I '. . X -. •. x' : 1 .1 • •. ' ^o V. ' ^ ' '.'. .; * v. : .li ner to wei ght clocks 
i^-^lu'wu lu r««< ^ blx'.v :>.o >-.'.m''o: v.itchet isattached toone 
viul 01 iho Naiu'l. w'v.o'.\ i^Vs^htA :'\cvl to the arbor. Next to 
the sm.illci KUob.ot i> iho '.av>;cv oiic, .r.ul xit the back of that is 
the >»reat wheel, the lar>;er ratchet aud the great wheel being 
both free o\\ the arbor. The click for the smaller ratchet is 
pivoted to the nearest face o£ x\\^ Vai^^^i x^\.ci\vi\x aud to the outer 
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of the larger ratchet are screwed two springs, whose free 
^i.-_._ _:.... .J .. ,"__._ ^,_.. extremities bearon opposite 

arms of the great wheel. In 
the going of the clock the 
pressure of the weight act- 
ing on the click pivoted to 
the larger ratchet, bends the 
springs. There are two pins 
in the larger ratchet, one on 
each side of one of the 
s of the great wheel, to 
umscribe the action of 
J the springs, which may be 
3 limited to three teeth of the 
' great wheel. When wind- 
ing the clock, the teeth of 
the smaller ratchet run un- 
der their click, but the click 
in the teeth of the larger 
ratchet, which is pivoted to 
the clock plate, keeps the 
larger ratchet fast, and the 
unbending of the springs is 
Cord for Weight. Fig. 5. then utilized to drive the clock. 

1 planting the click, draw a line from the centre of the 
jel through the no.se of the click; another line drawn 
feugh the centre of the click-hole should form with it an 
Ae of above 100°. If less than 90° the click will be liable 
fiy out. 

por large clocks, some makers use a spiral spring coiled 
nd a curved pin fixed to one of the arms of the great wheel, 
IS shown in Fig. 6 ; 
.n eye screwed to 
the larger ratchet 
compresses the 
spring. This 
answers well if the 

fi / \ W \ cient length. 

Maintaining 
work often fails 
for want of atten- 
f \ ' \ ' ~ / tion to the clicks, 

^V especially that of 

^1 the larger ratchet 

I t wheel. The ex- 

Fig. 6. treme point of the. 

click should be the most advanced and s^iax^, to t^cwift. ^Xnr., 
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pressure when it is in the tooth: it may be finished with a 
moderately coarse file used across the width of the face of the 
click, which part should be hardened. 
Endless Cord Maintainor. — See Huyghens. 
Sun and Planet Maintainor.— In turret clocks there is often a 
weiKhted lever or segment l^rought to bear 0:1 the g^reat wheel 
while winding, but this is open to the objection that it has to be 
renewed if the operation of winding takes long, and also because 
after winding, until the maintainer is removed, there is con- 
sidera])le extra j)ressure on the escapement. In some of Arnold's 
watches is a continuous maintainer, which also appears to have 
been invented by Harrison. Although not so suited for watches 
as Harrison's maintaining spring already described, it appears 
to be admirably adapted for turret clocks, which take some time 
to winrl. The great wheel and barrel both ride loose on thearbor, 
to which is fixed a pinion represented by the smallest circle in 

Fig. 7. The largest circle represents a 
ring of internal teeth fixed to the sideof 
the great wheel next to the barrel. There 
are two wheels, which gear with both 
the pinion fixed to the barrel arbor and 
and with the ring of internal teeth on 
the great wheel, as shown. These two 
wheels run on studs in the end ot the 
barrel. While the handle attached to 
the barrel arbor is turned as in winding, 
a continuous pressure is exerted on the 
internal teeth which really afford the 
^"^^' 7- resisting base in raising the weight 

Tliere is a ratchet wheel lixed to the barrel arbor, with a click 
])i voted to the barrel to i)rcvent the weight running down, when 
tlu' winding is completed. During the going of the clock the 
whole system turns with the barrel, so that there is no extra 
friction from the maintaining work. It is not absolutely necessar}' 
to liave ])oth of the wheels which run on studs at the end of the 
barrel, and sometimes one of them is omitted. 

Mr. I. Herrmann has recently patented the adaptation of this 
mains])ring as keyless work for fusee watches and chronometers 
Tile ringof internal teeth is on the great wheel, the pallet pinions 
are on the fusee, which rides loose on the arbor, and the arbor 
carries a wheel which gears withawindingpinionat thependant 
Messrs. ( lillet & Co. have introduced another form of the sun 
and ])l.'niet maintainer for turret clocks with double gearing to 
give additional purchase in winding. Of this side and end views 
are shown in Kigs. 8 and 9. As before, the great wheel and barrel 
both ride loose on the arbor. A pinion fixed to the barrel arbor 
gears wi th a wheel fixed to a spindle running in holes formed in 
the barrel near its circumference. On theother end of thisspindle 







pinion which gears with the ring of internal teeth fixed to the' 
great wheel. The extra winding wheels allow the ratchet 
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Fig. 8. _ Fig. 9- 

and click to be dispensed with, but it wonld, perhaps, 
safer to add them. 

Maltese Cross. — \_Croix de Mails. — Das Malleserkrmz.'\ — 
The name given to the star wheel of the ordinary going-barrel 
stop work. 

Mandril. — [ Tour U7iiverseL — Der Backendrekslukl.'] — A lathe 
ha\nnga face plate furnished with dogs for clipping watch plates 
and the like, and havingaspringcentre (pump centre) in the face 
plate with a fine conical point. English and, latterly, some Swiss 
mandrils are driven by a gut passing over a large pulley fixed 
either at the back or at the end of the lathe head, which pulley 
has a handle attached for turning it. A mandril is fitted with 
a slide rest, and sometimes with a hack or " meeting " centre. 

A good mandril with slide rest is one of the most perfect tools 
a watchmaker can possess. The English and Swiss tools have 
each advantageous features. The English mandril is worked 
by means of a hand wheel and gut, ^ving an easy, silent motion, 
considered by many to be snpenor to the Swiss wheel and 
pinion action. On the other hand, the Swiss slide rest is better 
than the English. The Swiss get the best efi'ect by forming 
their dovetail at an angle of 45°, while ours are a great deal too 
upright. The Swiss slide rest main screw is finer-cut, and has 
a projecting end with an adjustable stop for precise turning. 
The slides, too, are all adjustable, and the main slide is turned 
upside down, so that it can be capped to keep the dirt out. The 
Swiss meeting centre is also a great convenience in centring 
work from the front when the pump centre is not available. 
But perhaps the greatest convenience of all in the Swiss taoL is 



r 



242 



an arrangement on the slide rest whereby the cuitercan be raised 
or lowered. 

Fig. I is a good example of a Swiss mandril with wheel and 
pinion driving action. There are spare runners fitting the back 
centre head, for holding gravers or other tools required in jewel 
setting and similar operations. 

Fig. 2 is copied from a tool lent to me by Messrs. Grimshaw 




mad Baxter, and seems to combine the advantages of theJEng 
^h and Swiss styles. The head is crossed out, and the driving 




wheel moat conveniently placed. I have not thought it worth 
while to again reproduce the meeting centre and hand rest, 




In choosing a mandril, select one with a steel har and cross^ 
out face plate. See that the slide is freetTon\ei\4s'h.als.e\^«Q\M" 
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out its entire ran^e, and then observe if the oil on the dovebfl 
reproduces the pitch of the screw ; if it does it is a sure sign 
that the screw is not true, but "drunk" as it is termed. See 
that the pump centre is free from shake and works easily in and 
out. Remove the dogs and pump centre. Examine the mandril 
to see that there is no end shake, put on the slide rest, and, 
having cut a peg to a chisel-shaped point, put it in the tool post 
Screw the rest out so that the point of the peg just touches the 
surface of the face plate near the edge. Now if the mandril is 
rotated it can be seen with an eye-glass whether the fece plate 
is perfectly true in flat. 

To test the dogs take them to pieces, and, with a Vernier 
gauge or a notch cut in a piece of brass, try all three, and if 
they are all exactly the same height alike they may be passed 
as correct. To test the truth of the hole for pump centres get 
a long square box-wood stick small enough to enter the hole, 
round the corner off one end, and put on the hand rest ; bring 
it up close to the hole and rest the peg on it so that it touches 
the hole onl;^ at the poiyit. If the hole is not true the end of 
the stick will rise and fall according to the amount of error. 
Wipe out the hole and replace the pump centre, the point of 
which can be tested b}" a peg in the way just described. 

The meeting centre, as bought with the mandril, is seldom 
in a line with the pump centre. The top part of the head through 
which the meeting centre passes is made adjustable by screws, 
so that it can be corrected if necessary. To adjust it, put a piece 
of plate brass in the dogs, catch the centre with a graver and 
drill a very small hole in it, try it with a peg and see that it is 
perfectly true, put on the upright head and fix it in its proper 
position (there is usually a mark across the bar to indicate the 
proper position for it ; if there is no mark, place it about 3i 
inches from the front bearing of the mandril), bring the point 
of the meeting centre up to the hole you have drilled, and see if 
goes correctly into it ; if so, loosen the head and draw it back 
so that with the meeting centre pushed completely through the 
head, the point will just reach the piece of^brass in the dogs; 
if it again goes correctly into the hole you may assume that it 
is right. As a final test, shift the piece of brass in the dogs a 
little, and with the head in its first position, viz., near the face 
plate, push the centre gently through until it just touches the 
brass, at the same time rotating the mandril. If it makes a fine 
dot, remove the head to the second position and again try it ; 
if it ag^h makes a dead centre, it may be passed with confi- 
dence'; If the centre is not in a line with the pump centre, it 
"^ be adjusted by the screws at the side of the head to make 
mallei with the bar. If too high the top part can be lowered 
•troke or two of a smooth flat file, and if too low it can be 
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Jced up to the required height by layers of tinfoil ; a moment's 
Section will show the workman in which direction the altera- 
1 is required. 

* ) use the tool make a good pointed cutter, leave it quite 
vd and gloss it, buff the extreme sharpness off the cutting 
ges, and proceed to turn as large a sink as possible on a flat 
fee of brass; having turned the sink, make the cutter take 
t slig;htest possible cut, rotating the mandril wheel as fast as 
iivenient, while you screw the cutter very slowly across the 
e of the sink. This should give good work without polish- 
■, and as a further trial rub it with a piece of flattened slate 
facil wetted on the tongue, when a rub or two ought to take 
f cutter marks clean out. If the screw pitch is repeated on 
> sink it indicates a bad rest. By varying the shape of the 
Iter, what at first sight seem inaccessible places may be got 
, It is always well to consider if it is possible to shape a 
Iter to compass a difficulty, and with a stock of cutters it is 
rprising what a number of things can be done with a r~^ 
aidril. As a rule pointed cutters suit watchmakers best. l 
^tcbmakers' tools are not so solid and the fi.xings so rigid I 
■ 1 free from vibration as to make it practicable to turn L f 
h a flat face cutter, but a partially flat cutter like the sketch 
US very clean ; the flat of the cutter must alwaj'S be level 
ii the centre of the mandril, and when it wants sharpening 
tet the sides, merely pollshiug the top. The front of the 
'ter is often by beginners formed to make too acute an angle 
h the top. The front should only be ground hack sufficiently 
O just clear the face of the work. 
Steel of a much smaller size may be used for the cutters, if 
they are held in a cutter holder such as is shown under the 
head of Lathes, p. 199. The cutter holder swivels so that the 
cutter may be instantly adjusted to any required angle. Cutter 
bars are rapidly displacing the use of solid tools for lathes. 

Marble Clock CaaeB.—[Cadi?ieis d'horloges m marbre.— 
Das Marmorgehduse.~\ — To polish marble clock cases, make a 
thin paste of best beeswax and spirits of turpentine, clean the 
case well from dust, &c., then slightly cover it with the paste, 
and with a handful of clean cotton wool rub it well, using abund- 
ant friction ; finish off with a clean old linen rag, which will 
produce a brilliant black polish. For light- coloured marble 
cases mix quicklime with strong soda-water, and thickly coat 
the marble. Clean off after twenty-four hours, and polish well 
with fine putty powder. 

Mending Uarble Clock Caaee, — Plaster of Paris may be used, 

but it is better, especially if the mended part is visible, to soak 

the piaster of Paris in a saturated solution of alum, and then 

^ Ttalr p it. It is used with water, may be mixed \vith any desired 
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coloarir-;:^ material, and will take a high polish. Lime and^rliite 
of e^^z niai^e the best cement for closely fitting sorfices, but it 
re:iu:res usia;^ ver>' quickly, as it so soon sets. Marble case 
maker- ose a ceiaeiit composed of Rtissian tallour, brickdnst, 
and refill melted together, and it sets as hard as stone at ordinary 
temperature>- 

Marine Chronometer. — 'Cknynomlter d€ mariHe.— Der 
StcihrcyuCmcUr~—\ chronometer for use on board ship. It is 
susoended 0:1 j2Tmbj.I> and enclosed in a wooden box. Green- 
wich mean time is of the utmost value to the navigator for readily 
determining the longitude of his ship. Observations of the sun 
are taken by means of a sextant -^see Sextant), and as the time 
of apparent noon at Greenwich is known, it is clear that if the 
apparent noon at any other place is noted, the difference in 
time between the two will give the longitude of the place of 
obser\ation, each degree of longitude being equal to fourminutes 
of time. E verv- ship belonging to the Royal Xav>' carries three 
chronometers for comparison. Deck or assistant watches are 
used to note the obser\ati ons.and these are checked by thechrono- 
meters, which are not removed from the chronometer room. 

The following particulars of Marine Chronometers are given 
to me by Mr. T. Hewitt :— 
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Length of detent from shoulder to face of locking, 8 day '53, 2 day '54, 
old 2 day '52. 

Strength of detent deflected through an angle of 12** or -2 radian, 8 day 
14 grs., 2 day 15 grs., old 2 day 10 grs. 

Diameter of escape wheel, 8 day -50, 2 day -54, old 2 day *48. 

Diameter of impulse, 8 day -26, 2 day -28, old 2 day -25. 

Radius of unlocking, 8 day '0565, 2 day '06, old 2 day -045. 

Angle of impulse, 8 day 43° 16', 2 day 44'' 18', old 2 day 44** 16'. 

Numbers of wheels and pinions will be found under the head 
of *' Train." 

After chronometers have been at sea a cobwebby film collects 
on the bright steel work, quite marring its appearance. Mr. 
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KuUberg finds this may be readily removed by an application 
of spirits of ammonia ; others recommend a solution of caustic 
potash in water for the purpose. 

MaBS. — IMasse. — Die Masse,'] — The amount of matter con- 
tained in a body. It is often convenient to speak of the mass of 
a body in, terms of its weight, and though as long as the body is at 
the same distance from the centre of the earth mass and weight are 
convertible terms, it is necessary to distinguish between mass and 
weight, because while the mass of any body is the same in 
whatever part of the world it may be, its weight would vary in 
different lattitudes. Mass at any particular place equals the 
weight divided by the accelerative force of gravity at that 

place, thus : — m = —' 

Massey, Edward. — A Staffordshire watchmaker. Inventor 
of a form of lever escapement called the crank roller in which the 
impulse pin is projected beyond the periphery of the roller 
something like the finger in the going-barrel stop work. Contact 
of the extremities of the lever with the edge of the roller formed 
the safety action. Massey also invented (Patent No. 3854, 
November, 18 14) keyless winding for watches which worked by 
a pumping action of the pendant, and many other contrivances 
connected with watches and clocks. Mr. Massey died May 10, 1 852, 
aged 82, and is buried at St. John's, Duncan Terrace, Islington. 

Matted. — \_MaL — Matt.\ — The granular surface formed on 
watch plates and wheels prior to gilding is spoken of indifferently 
as matted or frosted. In English work this surface is obtained by 
immersing the parts in diluted sulphuric acid . The Swiss silver the 
work first, and then mat it by scratch brushing. (See Frosting.) 

Mean Time. — \Temps moyen, — Mittlere Sonnenzeit,] — The 
time shown by clocks generally. The ordinary day of 24 hours 
is the average of all the solar days in a year. (See Time.) 

Meridian Dial. — \_Cadra71 meridien, — Mittagslinie Ziffer- 
blatt.~\ — A dial for showing when the sun is on the meridan. The 
following are nearly Ferguson's concise instructions for tracing 
a meridian line. ** Make four 
or five concentric cirles a 
quarter of an inch from one 
another, on a flat stone, and let 
the outmost circle be but little 
less than the stone will contain. 
Fix a pin perpendicularly in the 
centre and of such a length that 
its whole shadow mayfall with- 
in the innermost circle for 
at least four hours in the 
middle of the day. The pin / 
ought to be about the eighth L 
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of an inch thick, with a round blunt point. The stone being 
set exactly level, in a place where the sun shines, suppose 
from eight in the morning till four in the afternoon, about 
which hours the end of the shadow should fall without all the 
circles : watch the times in the forenoon, when the extremity 
of the shortening shadow just touches the several circles and 
there make marks. Then, in the afternoon of the same day, 
watch the lengthening shadow, and where its end touches the 
several circles in going over them make marks also. With 
a pair of compasses, find exactly the middle points between 
the two marks on any circle, and draw a straight line froip the 
centre to that point, which line will be covered at noon by the 
shadow of a small upright wire, which should be put in place of 
the pin. The reason for drawingseveral circles is, that in caseone 
part of the day should prove clear, and the other part somewhat 
cloudy, if you miss the time when the point of the shadow should 
touch one circle, you may perhaps catch it in touching another. 
Mercer^ s Balance. — Chronometers fitted with this balance 

have been very successful at the Greenwich 
»hAir»^^ Trials. The balance itselfis of the ordinary 
U ^^T^ kind, the special feature being the auxili- 
^L \m ar>' which consists of a laminated arm of 

^9 jT brass and steel fixed at one end to the 

\^ ^^^fur central bar of the balance. The auxiliary 
iBjjjpl^Jx may be arranged to act in either extreme 
^'*"^'p'^^ of temperature. For low temperatures 
the steel would be the 
outer of the two metals 
composing the arm, and 
for high temperatures it 
would be the inner one. 
The free end of the arm 
carries two screws, ^^the 
weight and position of 
which may be varied as 
required. A banking 
screw tapped through the 
rim of the balance serves 
to regulate the action of 
the auxiliary. 

Micrometer.— [^/Vaic?- 

mitre, — Der Mikrometerr\ 
— A measuring gauge of 
extreme exactness. 

Grossman's. — The back 
of the dial of Grossman's 
micrometer gauge is Fig, j. 
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shown in Fig. i. The right hand limb b is fixed ; the other is 
the tenuinatiou of a long lever a which carries a rack c pitched 
into a pinion fixed on the arbor of the rack c. This rack takes 
into the centre pinion, to which the index is fixed. The racky 
also takes into the centre pinion, and has a spiral spring round 
its arbor by which the jaws are kept clo.sed and the index at 
zero. The lever ^ by pressing against the lever a opens the 
jaws. The dial may be divided so that each division shows 
ither or of a millimetre or -0004 of an inch. 
HoTBtmann'B. — Fig. 2, which is the invention of Mr. G. 
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Fig. 3. Bonnikseii's. Fig. 4. 

slide D, which is actuated by the screw shaving 100 threads to 
&ninch. The wheel c by which the screw is turu^d vs iw'i'i.'ai. 



into too equal parts, and each division consequently represents I 
■oooi. To avoid the possibility of delicate work being crushed ] 
between the jaws, F yields to pressure, and in doing soactsupM 
a bent lever which moves a pointer h along a graduated ut 
When Iheunduepressureisremovedjthepointeris brought back 
to zero and the jaw to its normal position by a bent spring a 
shown in the drawing. A standard inch is laid dowTiatc, and an 
index attached to the slide registers the number of turns made 
by the handle. 

Bonnikaeii's Siorometer. — By this simple gauge it is possible to 
measure to the , „ i „ „ of an inch. Two plates A and b are rigidly 
connected by four stout pillars. A levgr b b' turning on a M- 
cnini at b, carries on it a knife edge c\ another knife edge is 
attached to the top plate. A cord « is attached to the movable 
end of the lever at V, the other end of the cord is attached and 
' wound once round the arbor e. This arbor carries on it a 
circular disc a. In moving the lever from left to right, it will 
turn the disc in the same direction as the hands of a watch, and 
at the same time the two knife edges will separate. In the plate 
A, a sink is turned to receive the disc, and a balance spring 
which has to turn the dial and knife edges to their original 
position. The balance spring is not shown in the drawing, but 
It is placed underneath the disc, in the middle of the plate. On 
the plate round the edge of the disc are fifty equal divisions. 
These with the Vernier on the disc indicate the one- thousandth 
of the circumference. The length of the lever from its turn- 
ing centre to where the cord is attached is two inches The 
distance from the turning centre of the lever to the knife edge 
4-inch ; therefore when the lever is moved A inch, where cord 
is attached the knife edge has only moved ^^ inch. The circum- 
ference of the arbor c, is made A inch nearly (the thick- 
ness of cord makes it necessary to 
reduce the thickness of arbor to a little 
less than ,\ inch). When the lever is 
moved i*;, the disc has had to make one 
complete rotation, and the knife edges 
areseparated i^ inch; and as the circum- 
ference is divided into looo parts, there- 
fore ^u is divided into loco parts, or i 
inch into 10,000. The plate A is left open 
in front of the two edges at b, so as to 
make it possible to measure a balance 
staff pivot. 

Hais^ring Hicrometer Qange. — This, 
shown in Fig. 5, is very handy for gang- _ 

ing the thickness of metals, &c. These Fig. 5. 

gauges may be had to record measurements to the one-thou- 
sandth of an inch or to the one-hundredth of a millimetre. 
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v3Ciddle. — [^Carru>-e. — Dcr Gekaiescrand.^ — The portion of a. 
"^Jiratch case to which the pendant, covers, anil be/,ei are attached.. 
The middle is made up of the baud which occupiea the centre 
S.nd the edges on which the covers and bezel close. 

Middle Temperature Error.— [AV'-rar de temperature 
wnoyennc. — Dcr Compensationsfohkr.'] — The object of applying a 
compensation balance to a watch or chronometer is that its 
"vibrations shall be performed in the same time notwithstand- 
ing that fromchangesof temperature the energy of the balance 
spring is varied. In the ordinary form of balance this is sought 
to be effected by causing the balance to contract with a rise of 
temperature when the balance spring is weaker, and to expand 
-with a fall of temperature when the balance spring is stronger. 
But while the energy of the balance spring varies equally for 
equal increments and decrements of temperature, the number 
of vibrations made by the balance in a given time varies not 
inversely as the distance of its weights from the centre, but 
inversely as the square of the distance of the centre of gyra- 
tion from the centre of motion. In other words, if a chrono- 
meter keeping mean time at 60° Fahr. is tried first at 30° Fahr. 
and then at 90° Fahr., it will be found that the balance spring 
is just as much weaker than its normal strength during the 
second trial as it was stronger in the first trial. And if the 
compensation weights on the second trial approached the centre 
the same distance as they receded from it in the first trial, the 
chronometer would lose more at 30° than it gained at 90°. As, 
therefore, the adjustment cau only be perfect at two points, 
chronometer makers generally arrange so that the compensa- 
tion is right at the two extremes of temperature which the 
chronometer is likelj' to encounter, leaving the greater error 
at the middle temperature. The chronometer will then be 
found to gain at all temperatures within the extremes, and to 
lose if exposed to temperatures outside the extremes. 

Mr. Hartnup, director of the Liverpool Observatory, advo- 
cates the acceptance of the ordinary compensation balance, and 
proposes that navigator.s should be instructed to allow for the 
middle temperature error, which after trial of loco chronometers 
with steel balance springs, he found amounted to 1-5 sec. in 24 
hours for a change of 15° above or below the temperatures at 
which the chronometers had been compensated. This can only 
be accepted as an approximation, for as explained under the 
bead of "Compensation Balance" the amount of the Middle 
Temperature Error is to some extent dependent on the iso- 
chronism ol the balance spring. With palladium balance springs 
the middle temperature error is sensibly less than with steel, 
but its amount has not been accurately defined by experiment. 
B TBfill . — \_Meule. — Die Schleifscheibe.'\ — A disc of steel or other 
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material rotated in a lathe charged with some cutting^ J^B^itnp 
in^ medium. The article to be cut or polished ispressed'^B^j^^^^.^ 
and moves over the surface of the mill. ^Sec Diamofl^ ^B ^^"^ > 

'ilLillimetre.—[Afi//ime/re.—Jfi//tme/€r.]^Xm^^ 
used j^cncrally by French watchmakers. I ^^^^ 

Compariflon of English and French Meaiiim^^l W£c>\^ 

Millinu-trfs | i 2 345 6 y 8 x J^l^-^^'-\ 

I Inches "1 -0393 oySy -1181 -1574 1 968 -2362 -2756 -3149 '35^ 38^ M^'^H^^ 

N<»TK.- 10 Millimetres = i Centimetre; 10 Centimetres = i DeOJ'^m IsySV^ 
A Millimetre equals the i-25th of an inch nearly. M^^livt^ 

Scale of Centimetres and XUlimetres. 1 u'k^ 

..;;.! e 3 A 5 6 7 8 * M ^"^"^ 

Luiild I .—-I ; 1 1 I I ^ 1 ^^ 

Milling Cutter. — [Fraise. — Die FrdseJ} — ^A circular cM 1 
iisicl lor cutting the teeth of steel wheels, and also for finistoj 1 , 
siirl'iicfs ol' various shapes where accuracy is required. Tli 1 
inillinj; cutters, formed to correspond ^\4th the outline of the voA I 
to be finished, are serrated, so as to present a large number of 1 
cutting; edj^es. Milling cutters have the advantage of retaining I 
their sliarpness for a considerable time, and they maybe reset 
witliout lowering their temper by means of a small emery wheel 
ri'ij)i(lly rotated, and passed over the face of each cutting edge in 
succession. The emery wheel should be conical, so as to leave 
llii: c uttinj; edge in advance. Mr. Curzon finds that milling 
culttTs iiKidc irom flat steel are more liable to distortion in 
li.'irdc-ning, and fracture in use, than others made fromcheese- 
sli.'i])C'(l ])icces of steel cut from a round rod. 

Minute Wheel.— [AV^^^ de rmvoi. — Das Wechselrad,'\'-Va!t 
wlucl driven by the cannon pinion. (See Motion Work.) 

Minute Wheel Pin, or Stud.— [ 7<?7^^;^ de mhiutener- 
J) IT \Vcclisclradstift,'\ — The stud fixed to the plate on which the 
minute wheel revolves. (See Motion Work.) 

Minute Wheel Pinion, or " Nut."— A^^^e^w de retim." 
Das l\rc/isc!tncb.\ — The pinion in the motion work of watches 
that drives the hour wheel. (See Motion Work.) 

Mitre Wheels. — Roices cojiiqucs d'egale gradeur, — GldA- 
grossc Rddcr mii koiiisclicr Zah7ifomi,'\ — Two bevelled wheels of 
the same size used for transmitting motion from one spindleto 
another at right angles to the first. 

Modulus of Elasticity. — A constant, represented by £, 
which is used for ascertaining what proportion of its length 
material is strained when subjected to stress. If the body is 
stretched, the strain is a lengthening, and if it is compressed, a 
shortening of its original dimensions. In Young's formula, which 
is usually accepted, the stress in pounds per square inch of section, 
divided by Zs , gives the strain ; E being the force in lbs. that 



^TOuld stretcTia rodonesquareitich in section to twice itsorigiiial 
'length, supposing its elasticity to remain perfect all the time. 
Vouug gives 29,000,000 as E for steel, but Mr. Robert Gardner 
considers this too high for the average quality of steel used in 
''alance .springs, and places it at 23,000,000. 

lUoljmeux, Robert. — A chronometer maker who carried on 
l>usinessiuKingStreet,Holborn (now called Southampton Row), 
'nventor of a compen.sation balance with auxiliary. (Patent 
-'^0. 841S, March, 1S40.) (See Auxihary.) 

Moment of Elasticity of a spring is its power of resistance. 
I^t -varies directly as the modulusof elasticity of the material, and 
^s thebreadth and thecubeof the thicknessofthespring when its 
Section is rectangular. Mo = E^^ is Mr. T. D. Wright's formula 
G representingthemodulusofelasticity.i the breadth, and Mhe 
ttickness of the spring. 

The moment of elasticity must not be confounded with the 
bending moment. The bending moment is a measure of the 
resistanceaspringofferstohending, and of the amount of bending 
Which has been produced, which varies directly as the angle 
wound through, and inversely as the length of the spring, 

M='^^^-- is the formula given by Mr. T. D. Wright for 
ascertaining the bending moment, E being the modulus of 
elasticity, 4 the breadth, (• the thickness, and Z the length of the 
spring, and A the angle through which it is wound. 

This formula also determines the value of the force which has 
produced the bending, for if the forces are in equilibrium, the 
moment of the resisting force must be exactly equal to the 
moment of the bending force. 

Moment of Inertia. — The resistance to change of velocity 
offered by a rotating or revolving body. The moment of inertia, 
which is generally represented by /, varies directly as the mass 
and as the square of the radius of gyration of the body. 

MomentXim. — \^Quantiti demouvemmt. — Momentum.'\ — The 
quantitjofmotioninabody ; its mass multiplied by its velocity. 
(Momentum is occasionally confounded with the measure of 
the work stored up in a movingbody, its kinetic energj', which 
varies as the mass and the square of the velocity.) 

Motion "Work. — [^Mimtlerie. — Das Wecksdwerk.'] — The 
wheels used for causing the hour hand to travel twelve times 
slower than theminute-hand. The centre arborofawatch rotates 
onceinanhour.andonitisfixedfrictiontightapinionwithalong 
boss or pipe called the cannon pinion. The cannon piuiondrives 
theminutewheel.which, together with the minute wheel pinion 
attached to it, runs loosely on a stud lixed to the plate of the 
watch. The last-named pinion drives the hour wheel, wh.ichLh.asa. 
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short pipe, and runs loosely on the 

pipe of the cannon pinion. The 

minute hand is fixed to the pipe of 

thecannon pinion, and the hourhand 

to the pipe or body of the hour wheel 

The product obtained by multiph-ing together the number o( 

teeth in the minute and hour wheels must be 12 times the po- 

duct obtained by multipl\-ing together the teeth in the cannoB 

and minute wheel pinions. 

Below are given 1 2 sets of motion work. If any other ntimbcB 
are desired, the proportion is ver\- easy to calculate. Asbefiai 
stated, the product obtained by multiphnng together the minute 
and hour wheels must be 12 times that of the cannon and minute 
wheel pinions. Applying this to the first set in the table, at 
have 12 X 10 -^ 120. and 40 x 36 = 1440, which is 12 times 12a 






Traixs for Motiox Work. 



12 

iS 



Minute Wheel Pinions 10 I 10 ! 10 | 12 j 12 ! 12 
Cannon Pinions .. 12 ; 14 ; 16 i 12 i 14 i 16 
Hour Wheels .. 40 42 48 4^> 48 ■ 48 54 I 56 

Minute Wlieels . . 36 40 40 36 42 48 ! 48 | 42 



14 
14 



14 
16 

56 
48 



14 
18 

56 

54 



]6 
16 

3 



16 
18 

64 
54 
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Of course, the number of wheels or pinions given in the table 
may be transposed. For instance, if cannon is given as 12, and 
wheel pinion as 10, the cannon may be 10, and the wheel pinion 
1 2. liut there is an advantage in making the cannon the larger 
pinion which is often overlooked. With a small cannon pinion 
the oil is almost invariably drawn away from the centre wheel 
lower pivot. If a larger cannon is used, a square sink or recess 
may be cut in it, which will effectually cure the evil referred 
to. In keyless watches it is especially desirable to have the 
cannon pinion large so as to get an easy action for setting hands. 
In some instances the cannon pinion and the minute wheel are 
made of the same size as each other for this purpose, and then of 
course the minute wheel pinion and the hour wheel bear to each 
(Hher a proportion of 12 to i. (See Cannon Pinion.) 

For 24-hour motion work suitable numbers would be 8, 10, 
40, 48, or 8, 12, 48, 48. 

In House Clocks, the cannon and minute wheel have each the 
Sfinie number of teeth for the convenience of letting oflF the 
striking work by means of the minute wheel, which thus turns 
in an hour : consequently the hour wheel and minute nut bear 
a proportion to each other of 12 to i. Generally a pinion of 6 
and a wheel of 72 are used. The cannon wheel is loose on the 
centre arbor, and behind it is a bow-shaped spring, which at 
its centre is squared on to the arbor so that its ends bear on the 
face of the cannon wheel. A tapered pin passes through the 
extremity of the centre arbor and between this pin and the 
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1 is a washer which keeps the cannon wheel pressed 
stthe spring sufficiently hard to drive the motion work, 
: the adhesion of the spring is easily overcome when the 
is set to time by turning round the minute hand with the 
r. 

French Mantel Clocks the body of the cannon is thinned at 
lart and punched in to fit friction tight to the centre arbor. 
Turret Clocka, where the striking is not discharged by the 
)n work, the cannon pinion is tight on the centre arbor and 
rrangement is similar to the motion work of watches. 
jvement.. — [Mouvement. — Das Weik der M?-.] — The 
.anism of a watch or clock without the dial or case. The 
s and train of a watch without the es- 
nent are also spoken of as the move- 
. (See "Train," "Quarter Clock," 
julator," and "Watch Movement.") 
yement-coTering GlaflB and Tray. — The 
h shows an improved kind of tra)' for 
eception of the parts of a watch niove- 
. It is divided into compartments, so ' 
the pieces of the escapement, barrel -____ 

, &c., may each be kept separate and readily found. 
vement-Holder.— A frame for clipping the pillar plate of a 
h when putting the watch together. There is no daugerof 
ig the plateby handling it, and as the holder with the plate 
may rest on the bench, both hands are at liberty to proceed 
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vith the work. The pattern shown in Fig. i is a good one. Tt«e 
movement is held bet^veeji the two studs and the notch ofthe 
slidingpiecewhichisfirmlyheld in position bythe binding screw 
Fig. 2 is an adjustable holder capable of being turned in any' 
desired way for position timing. 

Mudge, Thomas. — Born 1715, died 1794. He was ap- 
pretiliced to the celebrated George Graham, and from 1750 to 
1776 ho carried on business in Fleet Street, at first in partnership 
withDutton.anotherapprenticeofGraham. In 1771 Mudgere- 
moved to Plymouth. He invented the lever escapement, which 
he applied to a watch for Queen Charlotte, about 1765. This 
identical escapement isnowinlhepossession of Mr. H. M. Frod- 
shara. It is analogous in its action to the present form of double 
roller escapement, except that the impulse pin is divided, for the 
purpose of ensuring the safety action after the finger enters the 
crescent, and before the impulse pin is fairly in the notch, aresuU 
now attained very simply by haviag horns to the lever. Mudge 
devoted the best part of his life to the improvementof themarine 
chronometer, Mudge's chronometers are admirable as specimens 
of fine work and correct proportion of details; but though clearly 
a man of inventive genius, he unfortunately clung to the 
principles on which Harrison's timekeeper was construdedi 
and allowed Eamshaw and Arnold to solve the problem hytb^ 
introduction ofthe spring detent escapement. 

Musical Box.— [5o(Vc a Musigtie. — Spielwerk.'] — ^As nearly 
every country- watchmaker is at some timeor another called on fj 
repair these instruments, a few hints thereon wiU not be onto* 
place. It maybe premised that if a ven.- large number of the pin^ 
on the cylinder are broken, the box had better be sent to a*^ 
expert. But, assuming the job to be undertaken, it will l?^ 
prudent first of all to remove the comb or key-plate. Thenle^ 
down the mainspring and see that the driving mechanism ma ^ 
well, and that the cylinder, though free, has no end or sid^ 
shake. The fly depth is important, for unless this runs smoolhl^^ 
and easily the box will stop. 

If there are one or 
stated. At the point 
where the new key is 
to be toothed in, file 
a dovetailed notch in 
the key-plate like the 
sketch. Then file up 
a key similar to the 
adjacent ones, but 
rather full at the 
point and with a heel 
to fit into the notch. 
TTarden the key and 
er it by boiling 

-^- 
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;it tightly intoposi lion, and tomake it secure, slightly 
for run a little solder into the joint by he^tiug the spot 
f tlow-pipe or heavy soldering-bit. Heat the comb as 
» possible, and confine the heat to the place under repair. 
le key may be tuned, leaving it half alone too high; for 
asier to lower than raise, and the damping spring will 
it down the half-tone or nearly so. Keys are lowered in 
*y weighting them with lead near the point, and raised by 
iag a little on the underside behind the lead. To get at 
nderside to file it, have a rectangular brass stake as wide as 
.ey, and with a little ledge as shown on one side, hardly 
eh as the key is thick. Rest the top of the key to be filed 
lis stake, holding the comb in the hand, so 
there is enough weight resting on the stake 
evate that key above the rest, and then it can 
.ed in comfort, the ledge offering the requisite 
tance to the file. If the key isuear the middle 
e comb, it may be necessary to use a file with 
:'fr handle to it. When getting the point of the tooth to 
th, continually apply a glass surface-plate or straight-edge 
5 the tips, for it is essential that all the tips should be 
tly in line. 

only the lip of a kej' is missing, it will not be necessary to 
Lce a whole key, but merely to file a slit in the stump and 
1 a new point which may be fixed by soldering. The tip 
be let down a little by means of a blow-pipe to enable the 
o cut, but care should most be taken not to soften the bend- 
^art of the key. 

is sometimes necessar\' to elevate or depress a key, or to 
e it point a little to the right or the left. Place the top of 
comb on a steel stake or anvil, face downwards, and, to 
lie a key, tap the nnder-surface gently with the hardened 
; of a hammer so as to stretch it. In the same way, ifakey 
be Innied to the right, stretch the left edge. If a key is to 
epressed, an expert will bend it with a smart blow of the 
mer on the middle of the underside while it rests on the 
1, but this is risky and will often result in a broken key. It 
is better to stretch the upper surfaceof the key with 
light taps, even though the marks show. 

Now just put the key-plate in position and see 

that the points ofthe keys are exactly in a line with 

the pins in the barrel, and if not. 

^^the cylinder bearings must be 

bent tin this is right. Then see to 

the damping springs and supply new ones where 

necessary, fixing them quite tight with the old pins. 

Itwillbeobservedthatthethigkerkeysfortkelowe.^ 

toneshave heavier damping springs t\ia\i. ■Oa.e.'voXRx.- 
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mediate keys, while the highest iiole= aje without darapeiHW 
Occasionallysomeofthenotes above the springs have dampera of 
quill. These are fixed with shellac dissolved in spirits of wir^e. 
The keyboard points not to the centre of the barrel, but above "5t, 
the proper elevation beingabout i5°from the horizontal line. T"^e 
free end of the damping spring should be as close as possible to 
the point of the key without touching it, shaped as shown in t^ 1e 
figure appended ; so that the pin in the barrel touches the sprL ^aig 
first at about the point indicated. 

If the damping spring is too thin, it will fail to stop fcr^he 
vibrations of the key soon enough, and if too thick will cre^^te 
a buzzing noise just as the key leaves the pin. A spring ir^ay 
be thick enough and yet fail to stop the vibrations, becausi^s it 
is not forward enough. The springs will be readily bent to 
position with a pair of tweezers. 

To observe the action of the springs, place the key-plat^= in 
position and note first that it is the right height, as indicated, by 
the dots on the cylinder. The shortest key should be on a le; ~ve\ 
with the dots, and the longest oue, which has more movem^^^nt, 
about half a dot below it. To alter the height, the bearing;^^ of 
the cylinder may be raised or lowered as required. _ 

To see if the key-plate is at the right distance from the p:» us, 
let the cylinder rotate slowly, and if the keys are not drawim. up 
enough there will be but little sound, and the comb must be; set 
a little closer to the cylinder by bending the feet of the b^ise. 
If the sound is harsh andthe dampers fail to stop the vibrations, 
the key-plate is already too close. If in playinga tune the notes 
at one end are produced too late, it shows that end of the key- 
plate is too close to the cylinder. 

Let the box run through all its tunes, and if at any tune the 
pins do not pass exactly in the centreof the keys, the star wheel 
for that tune must be corrected. The drop fro]n the highest to 
the lowest step of the snail in time causes an indentation in tb-_^ 
latter, which may be filled by screwing into the face of the sna*^ 
a piece of tempered steel to receive the blow of the pin. Any o" 
the pins in the cylinder that are out of shape will be noted a^ 
the tunes run through, and carefully bent as required. NewpiU-^ 
are formed with a pivot which fits tightly into the hole in th^ 
cylinder ; the pin is driven in up to a shoulder, the part project' 
ing being rather larger in diameter than the pivot. 

Sometimes a buzzing noise is observed while the box is phy " 
ing. This is generally caused by something loose. To discove;* 
it, sound each key by striking it with a suitable pointer till th.^ 
buzzing is heard ; then continue sounding that note whiV^ 
placing the hand on different likely parts of the box aa*^ 
mechanism till the buzzing is arrested, when an examinatio** 
of the part will probably reveal a screw that requires tightening' 
"' even the wantof adropo{oT.\,'w'toeii\iasi\itft'Q.V.-G.ii'«wtQcau3^ 



^\x^-— isagreeauie sound. In connection with these notes oh 
^. ■^'^31 boxes, I have to acknowledge the courtesy of Messrs. 
^X^ .^illard and Co., who have readily answered all my inquiries 

■^tie subject. 
^^r?B.Ilie 'RaJC.—\^BateHca nom.—Die NamefiplaHe.']-—T'h.e bar 

-^I^yjug ttje upper end of a watch barrel arbor. 
J t;j-'**ippers. — iPince d conper. — Die Beisssa7ige.'\ — A pair of 
^^ *-lited steel levers with tempered edges at one extremity for 

"^ttiiig wire. 
^ JJippers are now to be had with removable jaws, a convenience 
appreciated if either of the cutting edges shouldbecome chipped. 
"tls remarkable how very many nippers one sees with chipped 
H^es ; this sometimes arises frombad or imperfectly tempered 
el, although it is often caused by abuse, or improper use, of 
e nippers. It may be occasionally a temptation to cut larger 
Sre than the tool is calculated to sever, but nothing can excuse 
te way that many people, and amon^ them are some who pass 
r experienced workruen, handle their nippers. The tool and 
K wire should be held perfectly still when the cutting pressure 
ft aj>plied, but a majority of the accidents to the jaws are due to 
■wriggling twist given to the nippers at the moment of cutting, 
\ movement which those who adopt it, erroneously suppose 
Snakes the cutting easier, 

\ Non- Magnetizable "Watch.— [Mwi^re non magnetisable 
—UnmagJie/isirbare Uhr.'\ — A watch in which the quick moving 
rts are made of some other metal than steel or iron. Alu- 
jiium bronze, which combines strength with lightness, is par- 
ailarly suited for the lever and pallets. The balance spring 
I usually of palladium. The steel balance staff, pallet staff, 
■descapepjnionmay be retained, their circumferential velocity 
^ng small. For the ordinary run of watches, a plain gold or 
tass balance may be used. Many attempts have been made 
I devise a compensation balance in which the use of steel is 
Spensed with. Arnold and Dent used some of platinum and 
tver, which compensated fairly well, but were lacking in 
ridity, Mons. Paillard has achieved considerable success 
fth palladium, alloyed with silver, copper, and other metals. 
I some instances he appears to have u.sed a palladium alloy 
fr the inner part, and brass for the outer part of the rim, and 
I others to have formed both laminse of different alloys of 
^ladium. Good result have also been obtained by theWalthani 
■etch Company, but the nature of their alloy is not divulged. 
Kssrs. Nicole, Nielsen and Co. have introduced very excellent 
Bt costly balances in which the inner part is an alloy of platinum 
^Bd iridium. Mr. Daniel Buckney has recently patented the 
use of steel alloyed with about 24 per cent, of maganese for the 
inner ring. Both the platinum, iridium and the maganese, 
steel alloys are, I believe, very intractable uude,t X\i.t oiVw-ts,. 
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the bottom, and with three legs to raise it from the floor. Iiiak 
is a cylindrical copper or zinc box as shown by the dotted lines, 
i) inches in diameter and 9 inches deep with a rim topieventit 
i^n'm^ too far down, and a hinged bezel wi:!iaglass. A discrf 
wood is ])laced on the bottom to rest tia 
watches ii])()n. The oven is heated by apari- | 
flin lamp, and there are a number of holes in 
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ViiT. 2. Fig. 3. 

the outer riu>; just below the partition as shown. Round the 
sides above the holes are several layers of flannel, with a loose 
cover of the same for the top. 

Oas Oovernor. — V\^, i is Mr. Kullberg*s effective and ingenious 
aitaehnieut to an oven heated by gas. The gas enters by the 
ri^ht-han(l])ipe into theglass tube,and from there through a hole 
in the left-hand pipe to the burner that heats the oven. It will be 
< )1 )ser ved that the left-hand pipe is prolonged to nearly the bottom 
of the ^lass tube to furnish an attachment for a laminated arm. 
This arm, made of a thick pieceofmain-springand rather thicker 

brass outside, carries at its free end a weight, and just beyond a 

conical tit that acts as a stopper for the hole in the exit pipe. A 
nick is made in this hole to allowofthepassage of sufficient gas to 

kee]) the burnerjust alight even when thestopper is pressedhome. 
As the temperature rises the bendingof the laminated arm causes 
t he t i t to api)roach the hole, and the reverse action takes place with 
a fall of tennKTature. By tilting the instrument to the right or 
left the weight retards or assists the action of the laminated arm 
so that any adjustment needed may be made. A screw with a 
large head nips the two pipeswhen the properinclinationhas been 

obtained. Thereare also a pointer and circular scale for denoting 
the augleof inclination. The twopipes are of brass, but theyniay 
have flexible tube connections to the gas supply and burner 
respectively, to allow of the tilting of the governor, the lower 
part of which is of course immersed in the oven. 

Fig. 2 is another form of a regulator, consisting of a glass tube 
Tvith a reservoir of mercury (e) alth^ bottom. A hollow tapered 



TowSered oilstone used with oil for smoothing watch pivots, 
fosting keyless wheels, &c. 

[ Oven. — \Eluve. — Der Ofen.'\ — A heated chamber iu which 
patches and chronometers are placed when they are being ad- 
Usted for varying temperatures. An oven for marine chrono- 
meters is generally a square box of sheet copper or stout zinc 
pith one or two shelves. There is a jacket or casing round it 
tiled with water so as to keep the temperature uniform. The 
Jacket may with ad\'antage be covered with flannel or felt, 
^cept the bottom, which is slightly domed and heated by gas. 
One of the sides is formed into a door having doublepanes of 
flass let in so as to leave an air space between them. The oven 
's furnished with a self- registering maximum and minimum 
fhermometer. 

Hearson'a Oven, shown in Fig. i. is a good example taste- 
'llly arranged as a fitting for a watchmaker's shop, a is the 
'''Ster jacket ; r and d plugs for filling and emptying ; b gas 
'^P ; F shelves of coarsely woven wire on which the watches E 
^'■^ placed. The "thermostat" c is a very sensitive device on 
'lie principle of the aneroid, for keeping the temperature con- 
^'•*tit. It IS a brass capsule, two inches square and quite flat, 
?'*spended from a tube running through the water jacket ; this 
J^ filled with ether ; when the ether boils the sides of the capsule 
Ij^lge out, and by means of a rod fo), passing through the tube 
'he gas is turned ofi" at the tap. In thisway 
^ Constant temperatuie of about 85° F. is 
n^^intained. There is a small bye pass for 
^Oough gas to keep the flame from being 
^tirely extinguished, N is a thermometer. 
Mr, Schoof describes a very cheap way 
9^ makinganoveu. Tothemiddleof athin 
iron plate (a Fig. 2) he fastens an iron tube 
W. long enough to go right through a 
wooden box of the height the oven is to be, 
^e iron plate being under the bottom of 
the box. The front of the box is formed 
into a door with double panes of glass as 
isl described. A very small flame from a 
is or oil lamp suffices to keep the highest 
mperaturerequired for compensation ad- 
Dstnient. The one objection to the use of 
"Iron in the construction of a oven, is its 
liability, after hammering or rolling, to re- 
'^'n magnetism. 

A verv handy form of oven large enough 
lor watches is shown in Fig. 3. There is ,. ,5. ,. 

au outer ring of thin sheet copper or i^inc, 18 mche?, VAf^. ^wl \ 
^- mcies diameter, with a horizontEd -pa-rtiVLoiEi & mtW. ^tQ-so.. 
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outer case was of shagreen, tortoise-shell, meta!, or any other 
materia] dictated by taste or fashion. 

Pallet. — [Attcre. — Der Anker.~\ — Literally, a bed. an elastic 
terra with horologists: generally the surface or part through 
which the escape wheel givesimpulselo the balanceoTpendulum. 

Pallet ^tak—lTige (fancre.—Dic A»kcu-e{le.~\—'t)ie a'"' 
the pallets. 

Pallet Steel. — Pallets for a lever escapement before the 
jewels are fitted. 

Pallet Stone.— [/'rwrt de levee.— Der Hcbcstehi {Anker)?<r 
The jewel which forms the nibbing surface of a pallet. 

Parachute. — [/^flraf.4w/^. — Parachuk.'] — An invention o 
Breguet, in which the end stones o( the balance staff of a watch. 
are supported on springs so as to yield to undue pressure. The 
idea of the parachute is that if the watch is let fall, or subjected- 
to sudden jerks in anj- other way, the balance staif pivots may 
be saved from damage by the yielding of the end stones. 

Pedometer. — [Pe'doniitre —DerSchriltzakler.'\ — Thedrawin^^ 
of Von Loehr's winding work (see Self- Winding) conveys ver^"^ 
fairlytheprincipleof the pedometerusedfor registering thenum--^^ 
ber of paces walked. In the case of the pedometer the pawl i^J 
rigid and the last wheel of the train is planted in the centre of th^^^ 
movement. Thecentre wheel arborcarriesahand which traverse^^J 
a dial on the other side of the plate. Instead of the lower^^ 
hanking pin there is a screw to adjust the amount of travel of th^^g 
lever, and therefore the number of teeth of the ratchet whee^^* 
pushed forward at each vibration, to suit the stride of the wearer-—" 
By this means the divisions on the dial are made to represent:^^^^ 
approximately the number of miles walked. i^l 

Pedometer Watch. — \_Monlre a sccousses. — Die Remon--^^^ 
/oir?ihr.]~{See (Self- Winding.) ^| 

Peg Wood.— [CA«77fa de bois carr/.—Das Putzholz.}~-Sma[\ 
sticksofwood,preferablydog-wood, used principally forcleaning 
out pivot holes of watches and clocks. The wood is pointed to 
enter the hole, and twirled round to remove the dirt. A fresh 
point is cut and the operation repeated till the point of the i)eg 
is not soiled when it is removed from the hole. The small size 
of watch work renders stocks of peg wood useful as pointers and 
for a variety of purposes. In fact, a watchmaker would be qtiite 
at a loss without a stock of peg wood. In speaking of peg wood 
many Swiss watchmakers use the term "Boisdefusain." Fiisain 
wood is used for pegs, and also for making the sticks of charcoal 
for giving a circular grey surface to brass. 

'P&ad,axi\.—{Pettdanl.—BerGekdusek7top/.~\ — Asmallneckand 
knob of metal, connecting thebowof a watch case with the band. 

Pendulum.— [Xe Pendule. — Das Petidei.l — The swingingr"^ 
iiodyinaclock whose vibratiousregulatetheprogressof the train, 
■^"t pendulum drawn aside Siooi its ^oiTsX o^ t«ss.aud. t' 
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^^^^Sed, is impelled by gravity to fall at once to its lowest 

"\v^^ ^ible point, and but for the nionieiitum acquired in falling it 

^t^^^d remain thereat rest, but its inoinentiim carries it up as far 

*J^Y^ tile other side as it fell at first through the action of gravity. 

Vj^!^ length of the pendulum determines the time occupied in its 

t.^^ations; a long pendulum moving slowly, and a short one 

t^. ^^kly, because with a long pendulum the curve described at 

^^^ Centre of oscillation is flat, and with a short pendulum it is 

^^^ep. The course of the pendulum bob attached to a loug 

^Spending rod, and that of one attached to a short suspending 

^d, may be compared to rolling a ball first down a slight 

decline, and then down a steep hill. 

Gravity, a constant force, requires to act through fourtimes the 
distance to impart twice the velocity to a body, and therefore a 
^ Jendulum, to vHbrate twice as fast as another, must describe a 
Mth four times as steep, and to attain this condition it must 
« but one-fourth the length of the first. 

> In estimating the time that a pendulum takes to vibrate, it 
'Tust not be forgotten that after gravity has impelled it to its 
west position, it takes just as long to rise on the other side as 
■did to descend, so that each vibration takes twice as. long as 
might be expected to do if the influence of gravity on it, as it 
^cended, werealoneconsidered. Thenasthependulumswing- 
g freely describes nearly a circular arc, the time in which a 
indulum vibrates bears the same relation to the time in which a 
,"dy would fall through a distance equal to half the length of the 
(ndulum, as the circumference of a circle bears to its diameter. 
(Applying this to a penduhim 13 feet long : half its length is 
^, and a body would fall through 6-5 feet in -625 of a second 
sarly at the sea-level in London. And -625 x 3'i4i59givesas 
[arly as possible 2 seconds for the time in which such a pendu- 
m would vibrate. As a matter of fact, the length of a 2-seconds 
sndulum at the sea-level in London is found to be i3'04 feet, 
' a trifle over 13 feet. 
jAclockhasonly to overcome the resistance of the air and the 
pght friction of the .suspending spring in order to keep the 
fendulum going when it is once started ; and although a heav'y 
pendulum requires a greater force to start it than a lighter one, 
the retardation afterwards, due to the extra resistance of the air 
on the larger surface, is insignificant. As inaccuracies in the 
clock work, currents of air, and other disturbing influences are 
likely to interfere with the regularity of a light pendulum, it is 
desirablealwaysto use as heavy apendulum as possiblein reason. 
The theoretical length in London of a seconds pendulum for 
mean.solar time— that is the distance between the point of suspen- 
sion and the centre of oscillation,* is approximately 39' 14 inches: 
•The centre of osdllation is that point in a vibrating body, in which iC 
uU tlie matter composing the body were coUect.edioXo\'!.,^-'ti'eM\tsv<t o^-Cos 
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the leiiglli of pendulum for vibrating sidereal seconds in the 
same latitude is 38-87 incihes. 

As the force that Raviity exerts on a body depends on the 
distance of the body froni the centre of the earth, the length of 
a pendulum varies in diflferent latitudes, A second pendulum 
is 39 inches long at the equator, and 39'2o6 inches at the poles. 

At Rio Juneiro it is 39-01 inches. 

At Madra.-! ,, 39-02 „ 

At New York ,, 39-10 „ 

At Paris „ 3913 „ 

At Edinburgh ,, 39-15 „ 

At Greenland ,, 39-20 „ 
The usual formula for ascertainingthe time of onevibratioiiir' 
t=^Tr\/~\n which IT represents 3-i4i59, /the length of 

pendulum in feet, and g the acceleration of a body exposed to 
the action of gravity (32- 19 at the sea level in London). 

The following is a si ni pie mle often used for finding the lenglh 
of a pendulum for a given number of vibrations, accept! 
seconds pendulum of 39-14 inches as a datum : — 

Let V = the given number of vibrations per 
Let L =. the length required in inches. 
Then L = {375-4 -H Vf 
Example. — The length is required of a pendulum to give 
vibration a minute. 
375-4 -^ I20 = 3-IZ8, and 3-128 squared = 9-78, the length 

req^uired. 
If the length of a pendulum is given, the number of vibrations 
it would make a minute may be ascertained as follows : — 
Let V = the length given in inches. 
Let V = the number of \-ibrations per minute. 
Then F= 375-4 H- V L. 
Note. — Tables of Square Roots and Lengths of Pendulums are given 
at the end of the book. 

Impcrtance of Fixing. — Whatever kind of pendulum is used,it 
will not keep time unless it swings from a rigid attachment. Just 
as engineerclockmakersinvariably make their escape wheelsand 
other moving parts too heavy, so many clockmakers seem afraid 
to put enough metal in theirpendulum cocks andbrackets, which 
have rarely enough baseeither. The beneficial effect of theheavv 
pendulum bobs, which it has been the custom recently to use for 
vibrations would not be affected. In a straijfht bar suspended at one 

t extremity, the centre of oscillation is at two-thirds of its length, andin* 
long cone suspended at the apex, at four-fifths of its length from the apeit- 
From the irregular form of the pendulum, the position of its centre of 
Oscillation is not easy to calculate, hut it is always situated below the 
y 



of gravity or centre of mass of the pendulum. In constructing « 
■udalnm, it will he sufficientW neat lo aswMue Ihe centre of oscillation 
f cojijcideiJt with the middle ot tlie^xJ^. 
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julator and turret clocks, isofteiiquitelostforwantof sufficient 
Bug for the pendulum. For a regulator the pendulum should 
teupported on a cast-iron bracket with a base at least lo inches 
Bare, bolted right through the back of the case, which 
Buld not be less than an inch and 3 quarter thick. For a turret 
ick a bracket of proportional size should be used, bolted to one 
themainwallsofthebuilding.or, if attached to theclock frame, 
i rigid connection of the latter with the walls by means of 
rders or cantilevers should not be lost sight of. A timber 
fcnefixingfora turret clock pendulum willnever be satisfactory. 
length ofPendulums. — One-secondpendulumsarelongenough 
h all but turret clocks, and longer than two seconds pendulums 
tould not he used. The very long penduliims used by the old 
Krkraakers for turret clocks in ordertoget, as they expressed 
'"adominion over theclock," were veryunwieldlyandunsteady 
n the action of the wind and other causes. The requisite 
Sominion " is now obtained by making the bob heavier. 
' rcular Enor. — The long and' short vibrations of a free pen- 
ni will only be isochronous if thepath described at the curve 
[oscillation isacycloid, which is a curve described by rolling a 
hcle along a straight line. In the article on Wheelsand Pinions 
represented the method of describing an epicycloid for wheel 
Ifeth, which is done by rolling one circle on another. If the 
^enerating circle, instead of being rolled on another circle, were 
railed along a straight edge, it would describe a cycloid. But a 
pendulum swung freely from a point travels through a circular 
path, and the long arcs are performed slower than the short ones. 
The divergence from the theoretical cycloid was of importance 
when the arc described was large, as it was of necessity with the 
verge escapement, and many devices were tried toleadthependu- 
lum through a cycloid. With an arc of about 3° only, such as 
regulator pendulums describe now, the divergence is very small. 
Escapement Error. — The kind of escapement used also affects 
the time of vibration. For instance, it is found that, while with 
the recoil escapement increased motive power and greater arc 
causes the clock to gain, the contrary effect is produced with the 
dead-beat escapement. The pendulum error may, therefore, be 
aggravated or neutralized by the escapement error. Again, with 
the Graham Escapement the pendulum requires less compensa- 
tion than with a Gravity, because with increase of temperature 
the arc of vibration falls off with the Graham. The inference 
being that with heat the oil at the pivots becomes thinner, the 
train runs easier, and so the escape wheel teeth press harder on 
the locking faces of the pallets. 

Temperature Error. — With increase of temperature, a pen- 
dulum, in common with most other substances, lengthens, and 
I the clock loses ; with decrease of temperature thecontrary effect 
■|diproduced. The object of the compensal\omje-a4.\:\'«iiiSs.\a 
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meet the error arising frdm change of temperature by keeping 
the distance between the' point of suspension and the centres 
oscillation constant. 

Barometric Error. — ^\Vith a decrease in the pressure of the air, 
and consequent fall of the barometer, the pendulum increases 
its arc of vibration ; w-ith an increase in the pressure of the air, 
and consequent rise of the barometer, the pendulum diminishes 
its arc of vibration. In the Westminster clock the pendulum 
vibrates 2"jy on each side of zero, and Sir Edmund Beckett 
])ointed out that with this large arc the circular error just com- 
j)ensates for the baronietic error. Where the escapement is 
suitable, this is doubtless the best way of neutralizing the baro- 
metric error ; but it is not applicable to the dead beat, forextia 
run on the dead faces of the pallets or larger-angle of impulse 
than usual is found to be detrimental as the oil thickens 
(iardner*s pendulum which carries a column of mercury to 
coiniteract the effect of changes in the densit>' of the air is 
described on p. 272. The de\'ice adopted at Greenwich Obser- 
vator\' is shown on p. 35. 

Rolling and Wobbling, — The path of a pendulum in plan 
should be a straight line. Any de\4ation from this will affect the 
regularity of its time keeping. A want of squareness in the 
chops, or a twist in the suspension spring, will often cause roll- 
ing or wobbling. Many clockmakers fix the lower end of the 
si)ring with but one screw, so that the pendulum may hang plumb 
without danger of binding. If the pallet staff is not perfectly 
at right angles to the path ot the pendulum, rolling may be 
caused by the oblique action of the crutch. This shows the 
necessity of care in adjusting the movement on the seat board 
in cased clocks, and is an argument in favour of attaching the 
pendulum of a turret clock to the frame of the movement 
instead of to a separate wall bracket. 

Zinc Tube Compensation. — Fig. i shows the construction of a 
zinc tube compensation pendulum, similar in principle to those 
eni])loyed in the Westminster clock and in the Standard sidereal 
clock at Greenwich. In the Greenwich clock the central rod 
and the outer tube are of steel and the bottom half of the hole 
in the bob is enlarged to bring the seat to the middle of the bob 
as in Fig. i ; the idea being that as the bob by reason of its 
greater bulk answers more slowly to changes of temperature 
than the other members of the pendulum, it should be neutral as 
far as the compensation is concerned. In the Westminster clock 
the rod and outside tube are of iron, and the bottom surface of the 
b()]) rests upon the collar of the outer tube. Preference is now 
generally given to the centrally supported bob, and I will there- 
fore give a detailed example of a seconds pendulum on this plan, 
but with an iron outer tube as a steel one is not so easy to obtain. 
The rod of steel should be •3-inch diameter and 46 inches long 
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1 the top of the free part of the suspension spring to the 
om of the rod ; with a screw of 40 threads to the inch for a 
rth of four inches from the bottom to receive the rating nut. 
Kthe top, to receive thesuspension spring, is screwed a cap with 
bh through it for safety. A drawn Kinc tube, just large enough 
^ip easily over the rod, -18 inch thick, and 28 inches long, 
as a trifle long according to the table of expansions given at 
Bend of this book; still, it would be prudent tostartwith the 
e rather long, for with a heavy bob resting on a zinc lube the 
in course of years shortens perceptibly. The Westminster 
t was kept to mean time by adding smalt weights to the 
Kdulum above the bob ; such a number of these weights 
umulated that it has been found desirable to cast one large one 
Itead. It was, I believe, concluded that the zince tube had 
prtened and so lowered the bob. This tube rests iu a square 
jSl formed in a thick washer or collar just above the rating nut. 
fcvision should be made to prevent this collar turning with the 
ignut. The simplest way is to file the peudulum ~~' 
flat for about five inches up, and to put a pin , 
lough the collar just free of the flat part of the rod 
' 1 the appended sketch. Outside the zinc tube > 
kping freely over it is a thin iron tube, having at ^ 
K top a cap recessed to fit the end of the zinc tube, with a hole 
Hhe centre of a size to slip freely over the central rod, and at the 
bottom an outer collar to form a seat for the bob. From the 
recessed surface of the cap to the upper surface of the bottom 
collar should be 24 inches. Slotted holes with semi-circular 
ends are sometimes made at intervals in the tube to allow the 
air to get freely to the zinc tube. There is a thin kind of iron 
tube with a brazed joint sometimes used, but a long brazed 
joint seems to me to be objectionable, and I would prefer a 
solid drawn tube ; J-iuch gas barrel would be right in the bore, 
and it could be turned on the outside, and have screw threads 
at the ends to receive the cap and collar. 

The bob is of lead, 3-5 inches in diameter and 9 inches long, 
and weighs about 29 lbs. The upper part of the hole just 
passes over the iron tube. Half way up from the bottom the 
hole is enlarged so as to pass over the collar on the outside of 
the iron tube. By this means a seat is provided in the middle 
of the bob for it to rest on the collar. 

If the bob is to be supported at the bottom, it may, perhaps, 
with advantage be smaller in diameter and longer, and the 
lengths of the tubes must be reconsidered. The co-efScient 
of expansion of lead and zinc is nearly the same, and with a 
lead bob supported at the bottom, the zinc tube should he 
shortened by half the length of the bob. Taking a bob three 
^j inches in diameter and ten inches long, then the zinc tube 
bMQUld be 23 inches instead of 28, Cast iiou tx.'^aiife'Q-aVK"*.^^ 




Fig. I. Fig. J, Fig. 3. Fig. 4. 

I whether the bob were supported at the bottom or at the middle. 

The suspension spring is usually about '5 in. wide, from -006 

to -008 in. thick, and the free part from an inch to an inch and 

a half loug. The crutch should reach nearlj- to the bottom of 

the clock plates. With a short crutch a shorter pendulum 

spring must be used, which is a disadvantage, for the shorter 

the spring the nearer the path of the pendulum approaches a 

circular arc. On the other hand, with a ver\' long spring and 

a short crutch the spring is apt to buckle and the pendulum 

arc fails short of what it should be, 

[ For a lighter pendulum, with a bob 8 inches long and 25 

Hnches diameter, weighing i4bs., a central rod '35 inch in 



271 



H^Ktcter may be used with a zinc tube -i thick, and an outer 

Bsbe "5 inch in the bore. 

Fig. 2 shows two side rods of steel substituted for the outer 
iron tube. They are of the same diameter as the ceutral rod 
and pass through a brass cap at the top as shown. At their 
lower endsisacoUarfittingloosely round the zinc tube to form 
a seat for the bob. In other respects, the pendulum is similar 
to Fig. I, except that the zinc lube would be but 26 inches 
long. The zinc tube is coated with black varnish, and the 
pendulum altogether has, I think, a nicer appearance than 
those with outer tubes. 

In the foregoing description, it will he observed that there 
are no means of adjusting the zinc tube to length, except by 
having it long, and then cutting it shorter as may be required. 
I have seen an old pendulum by Arnold on the plan of Fig. 2, 
except that a thread was formed on the outside of the upper 
end of the zinc tube, and the collar supporting the outer rods 
had a corresponding internal thread, and was screwed on to 
the zinc tube, so that the acting length of zinc tube could he 
adjusted by screwing the collar on or off. This seems a more 
rational way of proceeding. If adopted, an inch and a half 
should be added to the length of the zinc tube. 

Zinc Tubes. — To calculate the length of zinc tube required, 
multiply the theoretical length of the pendulum by '67 for steel 
centre rod and steel tube (or side rods) ; by 72 for steel rod and 
iron tube, and by -8 if iron rod and iron tube are used. This will 
be right for iron bobssupported at centre or bottom, and centrally 
supported bobs of lead. For lead bobs supported at the bottom 
shorten the zinc tube by half the length of^ the bob. The zinc 
tubes should be drawn on a mandril, to ensure a smooth, straight 
bore; those for seconds pendulnmsbeingcomposed of two tubes 
drawn together and longer ones of three tubes. Tubes for seconds 
pendulums may be '33 inch in the bore and 7 inch outside ; for 
ijsec. 7 in the bore and 1. 15 inch outside; for ij sec. -85 inch 
in the bore and I "4 outside; for two sees, rr inch in the bore and 
I "9 outside. These dimensions will permit of the use of standard 
sizes of ^as barrel for the outer tube. 

Long Zinc Tnbe Pendnlnms.— For turret clocks, rods and outer 
tubes of iron are generally used with the zinc tubes, The 
appended details may be useful ; — 

Thcon'lkal Kud. Zint 

kdglh, Diam. Lenelh, lub.-, Bubiran, 

it. in. in. (I, ra. il. in. in. fl. in. 

5 I = 1} sec, 48 beats a mill. ft 64 4 oj 8x11 

7 4 = li sec, 40 beats a niin. f 8 loj 5 ID 9 ^ ' 3 

13 oj = 2 sec, jolieatsa niin. i 15 o 10 5 11 x i 6 

The length of the rod is from the point of suspension to the 
bottom, 

Mercurial CompenBation. — In the mercurial pendulum with. a. 
glass jar. as originally constructed by Graham,tti.e'Diexco.v3&sKa 
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itfttt&wersoquickly toachangeofli'-; ''Tiiiieratoreastt 
d; thereisdifficulty.also, in obtain! <■ ijarsperfe" 

reference is therefore now generally ^i >. .othiiimc; 
recision clocks, although the elegant appearances 
rin a stirrup causes it to be retained for regulators m 
stances when a showy appearance is desired. In FL 
270, is represented Graham's arrangement, with a liUi' 
hy Mr. Adam Reid for regulating the time without u! 
position of the outer frame c C. d d, or the index. H ; . 
frame sliding within the first, and carrying the jar of mercurs. 
is adjusted hy means of the screw, E. The foUowiog are 
dimensions of a good seconds pendulum of this class : — S 
rod, 3 inch diameter. 43 inches long from top of free partof ! 
pension spring to bottom of sole of stirrup ; side rods of 1' 
\1 inch wide and 125 inch thick ; height of stirrup 
inches, bottom of stirrup 5 inch thick with a recess turned. 
. to receive the jar ; glass jar y^inchesdeep and 2inchesdia 
"ter inside, outside 225 diameter, and 7-8 inches high; beigl 
iiercury in the jar about 7-4 inches ; the weight of mercury 
ti lbs. 12 oz. The steel parts mayw-ith advantage be aunt 
[O guard against the possibility of magnetism, 
■ The mercury divided between two jars answers quicki 
Ganges of temperature. Fig. 5 is an arrangement ofthis ' 
b which the lower part of the pendulum rod is square to re 
i brass sleeve, c, the bottom of whii 
s platform with two cups to suit, 
bottoms of the jars. A bra,ss clip 

ports the tops of the jars, which 

1 have glass or metal covers. The brass 
I work has a very nice appearance if it is 
silvered or nickelled. 

Precision clocks with mercurial pen- 
dulums may have jars larger iu diameter j 
than 2 inches, made of cast iron enamel- 
led ontheinside.orof steel. Ihaveseen i 
one recently made by Messrs. Charles |' 
Frodsham&Co.fortheLickObservator)' 
with a4olb. pendulum, iu which the jarof 
steel is three inches in diameter inside 
and 9i inches deep, the height of the 
mercury being rather over SJ inches. 
The upper end of the jar has a screw oo 
the outside, of 20 threads to the inch, by 
means of which a cover with a corres- 
ponding internal .screw is attached. 
There is a boss iu the ceutre of the cover, 
drilled and tapped to receive a screw of 
■6 of an inch in diameter and 30 threads 
to the incii. Tb.e.wiiew is pinned to the 
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vj^- ^^ulum rod 7 or 8 inches froui the bottom, so that the rod may 

\J^X* well into theniercury. Theuppereudof thescrewterminates 

^^ a square, through which the plus pass, and there is a wing on 

^^"ih side of the square to enable one to hold the rod steady while 

^^tewing thejar up or down for adjustment. There is a lock nut 

^^t tightening after the adinstmeiit is perfect. A smaller boss on 

[ '^h e top of the cover is drilled and tapped for a plug, and has a 

^^"taical mouth to facilitate the pouringinof additional mercurj'if 

Kb. should be required. For removing small quantities of mer- 

py a dipper is used, that is, an open glass tube, over the upper 

d of which the finger is placed after it is dipped into the mer- 

jy, so ihat a partial vacuum being formed in the upper part of 

e tube as it is withdrawn, a portion of the mercury remams in- 

te the tube, and is discharged as soon as the finger is removed. 

Dreat care should be taken, when filling the mercury jar, to 

^id air bubbles. Thebestplanistopushthecentreofagoodsilk 

nilkerchief into thejar andpouriu the mercury through a long 

Kwood or other funnel with but a mere pinhole for the outlet. 

Pien the whole of the mercury is poured in, carefully draw up 

jE handkerchief by its four corners. Thejar of mercury, with 

piece of bladder tied over the top, may then be subjected to a 

inperature of about 120° for a week or two. 

It is important to get the mercury as pure as possible for a 

mdulum. A good way of removing impurities is to add 

ilphuric acid to the mercury and shake the mixture well. 

ne metal is then washed, and afterwards dried on blotting 

teer. Another method of purifying mercury is to put it in a 

Ktle with a little finely-powdered loaf sugar. The bottle is 

ropered and shaken for a few minutes, then opened and fresh 

olown in with a pair of bellows. After this operation has 

n repeated three or four times, the mercury may be filtered 

t pounng it into a cone of smooth writing-paper, the apex of 

Tich has been pierced with a fine pin. The sugar and im- 

Irities will be retained by the cone. Some filter mercury by 

feieezing it through a piece of chamois leather. In dealing 

feh mercury, care should be taken to avoid the injurious vapour 

fiiich rises from it even at the ordinary temperature ol the 

Rr, and of course more freely at higher temperatures. 

Qaidner's Peadnlnm. — The appended engraving is an eleva- 
tion of the bottom part and a sectional plan ot a one second 
pendulum by Mr. Robert Gardner. The rod of brass is hollow, 
and contains a barometric tube about 0*5 inch in the bore, 
dipping into a cistern which is seated on a kind of piston fitting 
the inside of the rod near the bottom of the bob. The bob is 
made up with five bottles each containing 16 inches inheightof 
mercurj', arranged as shown in the plan. The bottles are con- 
tained in a basket of brass, resting on a collar which in hard 
soldered to the rod. This arrangement ex."pQS>e,s, ■ao \'B.i'g,t a. 
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■1 :r :Vir niju^tiax Tie ati^toiiK 

i Gcidirsn FsidiuiiiiL — T ^-j .. skmn is 
■^ ;7'".. i.-i -iiiJ. tilt :om of camoensa- 






-.f.Tiipf-ir::: r,! T-izit parage! rocj. dve of steel and 

■o'-.r '■^r '.ra,-;-;. the j^tal lenstb, of each, kind being 

r.ear;; i-. :■>■. 'x, ''■c. that 'leiaj the ratio of ex- 

psir. -.;or. oi 'r.s tro aetala. Depcniiing iiroiD- 

the ',r'.-i^ frame a are fxo rod.-i of steel a a. The 

■ :ra:r.f; s. tf* -.vhich :hev are ttxed at their lower 

•irttr^r.-.itiei i 6. carries also two brass rodscCt 

whir.h az their upper end. lid. are carried in the 

frame c, together with two other steel rods?^- 

Those at their lower extremities//; are fasten«i' 

in the frame d, which also carries the brass rod^ 

g)^. The frame F carries the upper ends of thi^' 

I last pair of brass rods at A A, and also the central 

: steel rod to which the bob is attached. 

I Wood Eod and Lead Boh, — A cheap and goo<3- 

. ffimpensated pendulum maybe madewith a wooti- 

r<>'\ and lead bob. For a seconds pendulum th^ 

I r<i'l should be .5 inch in diameter, of thoroughly^ 

well-soasoned straight -grained deal 45 inched 

lijiiK. measuring from the top of the free part o:f 

till- suspension spring to the bottom of the bob - 

A slit for the suspension spring is cut in ^- 

hriiss ciipfiUingovcrthetopof therod, to whict*- 

it is secured by two pins. A bit of thin brasS 

lube is fitted to the rod where it is embraced by 

llie crutch. The rating screw, -25 inch in diam— 

lUr. is soldered to a piece of brass tubing fitting 

over llif rod and secured by a couple of pins - 

rfi|nire In be coated with something to rendeX" 

■ions t<i tliL- Litmosphere. They are generallj^ 

liiilislii'il, but pjiiuting Ihem answers the purpose 

. l.nliitu'r ^'liirko reconinieiids saturating them witt* 

imlliu. The l»>li 2-2^ inches diameter and 12 inches 

1 11 lioic jusl liu>:e eiiouKli to go freely over the wood 

ii'il. U'st-i uii 11 wusIkt aluive ihc rating nut. 

Shi'ilci pi-iiduluins for chinvL' aud other clocks are made erf 
Uiik, Hitiln'j^iiiiv, ^uid ebony, simply because in such small sizes 
ilnil i/i'fs ni't Mow of (".nvwd 'Attachments to the ends. Thes« 




cost scarcely any more than brass or iron, and are infinitely 
preferable. 

It is essential that the grain of a wood pendulum rod should 
be perfectly straight, for if the grain is not straight, the rod is 
likely to bend, causing the clocii to go very irregularly. 

Pendulum Spring.— [i^^^5(7r/ de suspension, — Die Auf- 
hdngungs/eder.] — (^i.) A short ribbon of steel used to suspend 
the pendulum of a clock. The lower end of the spring is nxed 
in a slit in the pendulum rod, and the upper end between two 
clamps or chops as clockmakers call tnem. An arbor runs 
through the chops, and rests on the pendulum cock. It is most 
^ssential that the ends of the spring should be clasped perfectly 
tiglxt. Some makers perfer to make the slit in tne pendulum 
fod cap wide enough to admit of filing or milling it true ; pack- 
ing" strips are then inserted with the spring to make up the 
Width. Generally but a single screw is used to fasten the spring 
in t:lie cap, so that the pendulum may hang plumb without dis- 
tressing the spring, which it might do if fastened slightly awry, 
witli more than one screw. In some French clocks two widths 
of spring are used, with a space between them, with the idea 
?f Iceeping the pendulum from wobbling, and though this plan 
IS Occasionally ibllowed in seconds pendulums, it does not find 
nivi.<:h favour. In large clocks the spring occasionally breaks 
clc>se to the chops, and the liability to failure is increased if the 
^^^es of the chops are not smoothly rounded oft*, or do not form 
^ ^xght angle with the length of the spring. Some makers use 
^^J^ the suspension a piece of steel thick at the ends, and made 
wit:i a gradual curve to the desired thinness in the middle. 
J^liis plan lessens the liability to break, and permits of a sounder 
^^t^cument. No chops are needed at the upper end. A hole 
^^ cirilled through the steel to admit the suspending spindle, 
^^ nuts of which clasp the steel on each side. The lower end 
J^ fitted to a slit in the pendulum head, and secured by a single 
"^It. In small clocks the pendulum spring is often too stout, 
^^d an increased vibration of the pendulum may be obtained 
^V thinning it. It occasionally happens in mantel clocks, that 
^-tien the clock is brought to time, tne pendulum is just too long 
w>ir the case. This may be remedied by thinning the pendulum 
spring at the top of the free part. It will then be found that the 
^ob requires raising a little. 

f hiJiips' Spring. — \_Spirale a courbe Phillips, — Spirale mil 
^^ccreiisctien Endcurven,\ — A balance spring 
^th terminal curves formed on the lines laid 
Q-Owu by M. Phillips, an eminent French mathe- 
matician, who gave rules for tracing different 
Ic^rins of isochronous curves with which the 
^^ntre of gravity of the spring would alYjays 
*^^ ou the axis of the balance, and springs so 
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made would in action not exert lateral pressure on tliepivt)ts 
The engraving, which is a form often used b^- Swiss watchmakaSk 
is one of a variety given by M. Phillips in his work, SurltSpid 
Rt'^lant. Though many of the cur\-es used by English watdi- 
makers very closely agree with Phillips* prescription, the tern 
Phillips' spring is rarely used here. 

'PiUbx.— 'J 'i I licr.—Dtr Pjcil€r,~j—T\i^ pillars of a watchait 
the three or four short pieces of brass which ser\-e to keep the 
two plates ot the movement in their proper relative positions 
In the watches of Mudge and other old English masters, grat 
attention was paid to the form of the pillars, which were either 
pierced or richly engraved. 

Pillar 'PlBX^.—lGrafide plaii?i€,—Die P/eilerplatte?^^ 
circular plate of a watch movement to which the pillars are fixed. 
Pillar YilQ.—[^IJm€ a pilierJ] — A flat file, narrower than a 
ptjtance file. Though larger ones are made, a pillar file is 
generally understood to mean one three inches and half long, 
measured from the point to the end of the cut, and three-eightte 
of an inch wide. 

Pinion. — \^Pig7io7i. — Das Trieb,'\ — ^A small toothed wheel. The 

smaller of two toothed wheels which work together. A pinion 

is )^eiierally understood to be a wheel that has not more than 

twenty teeth. (See Wheels and Pinions.) 

Pinion Gauge. — {^Messure aux pigfwns. — Das Triebniaasi] 

— A gauge used by 
watchmakers for tak- 
ing the height of 
pinion shotddersand 
other measurements. 
It is something the 
sh:ii)c of 11 pair of compasses ; the legs are kept apart or brought 
together by a screw. 

Pinion Height Tool. — \^Outil pour hauteur de pigmu-" 
/his 'I^yicbJwhcnmaas,'\ — Theexact distance between the jaws of 
lliis tool corresponds to the exterior measure of thefeet. It, there- 
lore, the Kiiuge is adjusted so that the feet pass freely between the 
plate, or the plate and the bridge, the exact length of pinion is 

represented by the open- 
ing between the javi'S. 
Mr. Robert Gardnersug* 
gests that the usefulness 
of this tool wotdd be in- 
creased by adding to it a 
scale and Vernier as 
shown in the lower 
_view. 

Pinion Leaf .—[--J He depig7ion.—Der Triebzahn,'] The tooth 

of a pinion. An ingenious method of holding pinions while cut- 
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b, which is adopted in the American factories, is shown in 



The pinion is held in the tapered mouth of the spindle 
bich carnes a division plate with notches corresponding to 
■umber of leaves to be cut. The other end of the pinion rests 
e beak of the runner B. c is a pusher to remove the pinion 
e taper- mouthed holder. Three circular milling cutters 
jeed mounted in a triangular frame, so that each in turn can 
uickly brought to bear on the work. The first is a saw or 
r.thesecondronghlysbapestheleaf, and the third finishes it, 
isttwo cutters, formed of steel discs about five-eighths of an 
1 diameter, have each ten slits, equidistant about the cir- 
ference, to give cutting edges, and from one bottom comer 
[cb slit a saw-cut is made, going obliquely to- 
wards the centre, as shown in Fig. 2. The circum- 
ference of thedisc is then squeezedin till the surfaces 
where the saw-cut started arein contact, and a clear- 
ance equal to the width of the saw-cut is thus 
obtained. This idea was patented by Mr. Church, 
of the Waltham, Company. 

Finion Wire. — [Acier h pignons. — Der TrieSsfaA/.l—Steel 
wire drawn with corrugations resembling pinion leaves, from 
which pinions are made. 

Pin Pallet Escapement.— [^wf*T ^ cheuiUes. — Dcr Slif- 
ienankerganff.'\ — An escapement used mostly in French clocks, 
in which it is often placed in front of thedial. The pallets are 
formed of semi-circnlar stones, generally carnelian. 

This excellent escapement fin vented by M.Brocot), rarely seen 
except in small French clocks, appears to he worthy of more 
extended use. The fronts of the teeth of the escape wheel are 
sometimes made radial, as shown in the engraving ; sometimes 
cutbacksoas to bear on the point only, like the "Graham;" and 
sometimes set forward so as to give recoil to the wheel during the 
motion of the pendulum beyond the escaping arc. The pallets, 
generally of cameliau, are of semi -circular form. The diameter 
of each is a trifle less than the distance between two teeth of the 
escape wheel. The angle of impulse in this escapement bears 
direct reference to the number of teeth embraced by the pallets. 
Ten is the usual number, as shown in the drawing. The distance 
between the escape wheel and pallet staff centres should not be 
less than the radius of the wheel x 17- This gives about 4° of 
impulse measured from the pallet staff centre. 
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Brocot's Pin Pallet Escapement. 




English clockmakers rather object to this escapement 00 
account of the difficulty of keeping oil to the pallets, which is 
aggravated if there is much space between the root of the pallet 
stone and the face of the wheel. The effect of the want of oil i* 
much more marked if the pallets are made of steel instead of 
jewel. Any tendency of this escapement to set is generally nK| 
by flattening the curved impulse faces of the pallets as indicated 
by the dotted line across the right-hand pallet. 

Pin TongB.—lMandfzn. — Die Sit/iemange.}— -Clams o^^' 
ing with a spring in which small pio* 
I are 'heW -wWVe \ieiU'£ ■e.'n.cirtened or otter- 
■wise alteiei. 
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Pin Vice, — Eiau h queue. — Der SHelkloben,'] — A small 
"vice held in the hand, chiefly used as a holder 
for pins and small pieces of work while they 
are being filed. 

A much improved pin vice, hollow throughout its length, and 
made on the principle of a split chuck, is shown in the sketch. 

The wire to be held 
is instantly gripped 
perfectly central by 
giving a turn to a serrated nut with the thumb and finger. Two 
sizes are made, commanding between them a wide range of 
opening. In the smaller size the conical grip is slit into three, 
and in the larger one into four. As a drill holder, and for many 
other purposes where a rapidly adjusted handle is required, these 
vices will be found useful. 

Pin Wheel. — \Roue a goupilles. — Das Hebestiftrad,'] — A 
wheel in the striking train of a clock, in which pins are fixed 
to lift the hammer. 

(2). The escape wheel of a pin wheel escapement. 

Pin Wheel Escapement. — [^Echappement avec roue a 
goupilles, — Der Stiftengang,'] — Invented by Lepaute about 1753. 
A clock escapement analogous in its action to the " Graham." 
The impulse is given by nearly half-round pins standing out 
from the face of the escape wheel. The one advantage over 
the Graham is that the pressure on the pallets is always down- 
wards, so that excessive shake in the pallet staff hole, which 
may be looked for in course of time, especially in large clocks, 
would not affect the amount of impulse. 

This escapement (shown below) is used principally in turret 
clocks. The chief objection to it practically is the difficulty of 
keeping the pins lubricated, the oil being drawn away to the 
face of the wheel. To prevent this a nick is sometimes cut 
round the pins, close to the wheel, but this weakens the pins 
Very much. The best plan is to keep the pallets as close as 
they can be to the face of the wheel without touching. 

lycpaute made the pins semi-circular, and placed alternately 
On each side of the wheel so as to get the pallets of the same 
length. This requires double the number of pins, and there is 
Uo real disadvantage in having one pallet a little longer than 
the other, provided the short one is put outside, as shown in the 
drawing. Sir Edmund Beckett introduced the practice of 
putting a piece ofi" the bottoms of the pins, which is a distinct 
itnprovement, for if the pallet has to travel past the centre of 
the pin with a given arc of vibration before the pin can rest, 
the pallets must be very long unless very small pins are used. 

The escaping arc is generally 2°, and the diameter of the pins 
Is then 4° measured from the pallet staff hoVe. 

Then with a given diameter of pin, to fvtii \\i^ Tcifc^\v\^'V!k?g^ 
>f pallets, divide the given dianieter by -069. 
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Or if the mean lengthof pallets is given, the diameter of pins 
may be found by multiplying the given length by •oSg. 

The opening between the extreme points of the pallets = 1°, 
that is, half the diameter of the pins. 

With an escaping arc of 3° the mean length of the pallet arms 
is ten times the diameter of the pins. 

The angle of impulse is divided between the pins and the 
pallets, and care must be taken that the pallets are not cut bad 



Pin Wheei, Escapement. 




too much. When a pin escapes iiomoTie:^^'^,\.\«-hQttom of j 
t&e succeeding pin miist fall safe\7 on ftict^XQ^NiifttiOaKi^j**- 



rx -^ ^est before finishing the impulse planes to place the pallets 
Vv^^^siiion. and mark them oif with reference to the pins. The 
i^a-^'^Tiess of the two pallets and one pin contained between them 
Fj^^^ls, less drop, which is very small, the spacebetween two pins 
^^/^ centre to centre. The pallets are of steel, hardened at the 
^,j.^'ng parts, and screwed to a collar on the pallet staff. The rests 
^^^ slightly rounded so as to present less surface to the pins, 
^^'ithe curves struclc from a little below the pallet staff hole so 
-I ^tobehardl}' "dead." The pins should be of gun-metal or very 
•■a.td brass, or aluminium bronze, round when screwed into the 
^^eel, and cut to shape in an engine afterwards. 

Pipe. — [ Canon. — Das Rohr.l — Any long boss through which 
^ hole is bored. (2.) Of a watch key, the steel part which fits 
^n to the winding square. 

Pitch. — \_Disiance des dentures. — Die Zahnweile.'] — The 
"pitch" of wheels and pinions is the portion of the circum- 
ference of the pitch circle between the centre of one tooth and 
the centre of the next. 

Pitch, Line. Pitch Circle.— [Z-^^-w^ d'engrenage.—Die 
Eingriffslinie.'\ — A circle described from the centre of a wheel 
or pinion as a basis for constructing the teeth. The pitch circles 
of a wheel and pinion working together should touch but not 
intersect each other. 

Pith. — [^Moelle de sureau. — Z'aj/7/Vi/^w/(iri.]^The pith used 
by watchmakers to clean their work is the pith of the elder. 

Pivot. — l^Pivot. — Der Zapfeti.'] — Strictly the end of a rotating 
arbor on which it is supported, but watch and clockmakers call 
any part of a rotating arbor that runs in a support a pivot. 

iPivot File. — {Lime a pivots. — Die Zapfenfeile.'\—k. file used 
for forming pivots. 

Pivot Gauge. — {Filiire & pivots. — Das Zap/enmaas.'\—X 
steel plate with tapered slit for measuring pivots. It is chiefly 
used with the Jacot tool. The 
numbers on the side of the gauge 
correspond with the numbers 
stamped on the pivoting beds, ; 
that if a pivot equal to, say, nun 
ber 30 on the gauge is desired it can be formed in the bed of 
that number without any fear of its being made too small. 

Pivoted 'Det&a.t.^'iBascule.—Die IVippe.'l—A. form of 
detent mostly seen in French chronometer escapements, which 
moves on pivots instead of through a weak spring as in the 
English escapement. 

Tlate.— [P/atine.— Die P/atte.]— The plates of a watcharethe 
discs of brass which form the foundation of the movement. The 
chief plate, called the pillar plate, lies underneath the dial ; the 
side of it next the dial is recessed to contain the motion wort; on. 
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th'jr -ii'le the pillar* are fixed. Unless the watcliliasa"bir 
::::j:::" th-.rti '> an«3ther plate.kept a little distance firomflK 
: i" ir; . l:j'.> thcpillar^.callel the top plate. Jnfiill-platevratchtt 
:::: -:'.■:_■. '.ikv: the p'.Ilar plate, is circular. In three-qoaita 
: >'. It', v i::'::^< thcTt: is a piece cut out of the top plate, suit 
•::,.:::'.- *. ir-^c t'^ Li'.l«.nv the balance to move in the samdwri- 
: '. i:ic ds the tnp plate. In half- plate watches the ftrartk 
■r-i.r i-i cv.t <hort, and its upper end carried byacoA 
' : ■k.-rv.iit « •:* the u-^e of a larger balance than would other- 
J :';,: oi-c. The plates of a clock are the two piecesof 
receive the pivtjts of the train. 
'Pliers,— '/'ruis.— Pic FJacAran^c." --Small tongs. Watch- 
TTi.ik.r-- ".-v: Vlier^ of various shapes. " The jaws of those used 
t" :. i:. •.*.. t;:v -teel work of watches are generally lined with 
^ r . ■ - - . A : : \ c ! : i < !i-:t <«.i likel y to b ruise or magnetize the work 

as steel would be. 
But as absolute con- 
tact is not necessary 
to impart magnetism, 
it is e\-ident that the 
pliers should be 
wholly of brass to 
secure immunity 
from danger in this 
rL-T'*«:ot. Pher< lined with ivor>' are used by some for handling 
hi'J-'y P'^'Ii-hc'l work. Pliers with the jaws annealed and 
p.i;i-l:<j«l are nio<t suitable for gripping tempered steel pieces. 
Tile ])lier< <howu in the enofra\'ing have one jaw jointed, so as 
in Lrive a parallel itrrip. They are especially handy for keeping 
twr) pieces t<V;::ether while soldering them, or for holding a 
plale* while ^hellaciniir a piece to it. 

Combined Plier, Nipper, and Joint TooL — This is especially 
useful t"')r reniovincr joint pins in watch movements, brooches, 
and other articles of jeweller^-. The jaws of a pair of flat-nosed 
pliers are, towards the joint on one side formed _with cutting 
L-dcres. On the other side, which 
is visible in the sketch, a raised 
hollow stud stands on one jaw, 
and on the other jaw is a pro- 
jectinic pin in a line with the 
hole HI the stud. Wlien the 

joint-pin of a brooch or other -Hi ■» Ji 

article is to be removed, the ^ , . , , 

joint is brought between the hollow stud and the pm, the latter 
bearincr against the joint-pin of the brooch, and on closing 
the plicr the joint-pin is forced out of the joint into the hollow 
stud The extremity of one handle of the pliers is straightened 
and pointed, to push home the new pin of a joint; the ex- 




?■ of the other handle is also straightened and flattened 
s a screwdriver. 
natic Clocks. — \_Horloges pnmviatiques.—Pncuma- 

i/,5rfK.]— Clocks actuated by air. In the Popp-Resche 

loused in Paris for public clocks, air, dried bypassing 
B pumped into strong iron reservoirs to a pressure 

jbt 4olbs. per square inch. From these reser\'oirs a cou- 

^ressure of lolbs. per 
fe inch is maintained in 
ised vessel from which 
ir is used for driving the 
:s. Behind the dials of 
lublic clocks is a ratchet 
\ fixed to the arbor of 
ninnte hand, as in the 
nded sketch. A click, 
ing into this ratchet 
:1, is pivoted to a lever 
le extremity is attached 
jbellows of thin metal. 
tere laid to all the public 
B, and at the completion 
ffery minute a master 
E at the central station 
s a communication be- 
n the supply vessel and 
jellows, the pressure of 
xpands the bellows, and 
atchet wheel is advanced one tooth, 
mpressed air may possibly be more reliable in its action 

electricity, and the mechanism needed is simple, but the 

occupied by the transmission of signals appears to pre- 
; its use for clocks at any considerable distance from the 
ral station. 

>cket Clironoiiieter. — {Chronomhre de poche. — Der 
henchronometcr.\^ — A watch with chronometer escapement. 
)islng Tool. — {^Oiitila ^quilibrer. — Die Balancewaage^— 
ol for ascertaining if the metal in a watch or chronometer 
ace is evenly disposed round the axis. In the opinion of 
y testing in the callipers does not afford a sufficiently exact 
;ation of the truth of a compensation balance for fine work, 
recourse is had to a special tool, of which the one in the 

IX (Fig. i) by Mr. R. Bridgman. is a very fine example. 
ivable standard is kept in contact with the bed of the 
springs, so as to be independent of the truth or other- 
the traversing screw. The pivots of the balance rest on 
lees formed of sapphire, which may be adjusted to the 
oistance by means of a screw. Scte-ws ow eaiAi. ^v&.^ 'i'^- 





Fig. I. 

maun," is a more usual and less costly 
pattern. (See Callipers.) 

Polishing. — {^PoHssagc. —Polirm.^ 
—The methods employed forproduc- 
iug the beautiful polished and square 
surfaces tobe found in watchworkmay 
be divided into two general principles. 
First, where the work is rigid and re- 
ceives a reproduction of a previously 
squared surface; and secondly, where 
the work is " swung " or arranged so 
as to yield to unequal pressure in polishing. 

Polishers of steel are either of soft steel, iron, bell-metal, tla, 
zinc, lead, or boxwood. They must in all cases be formed o^ 
softer material than the object to be polished ; for instance, bell- 
metal, which brings up a good surface on hard steel, is unsuitec 
for soft. 

Polishers of brass are generally of tin or boxwood, with willow 
for finishing. ,._.^-i 

The polishing medium is either emery, which is used for gre^^^ 
surfaces, oilstone dust, red-stuff, or diamantine, used with oil; o*^ "' 
Vienna lime, which is mixed with spirits of wine. All polishing 
MATERIALS MUST BE PROTECTED FROM DUST OR THEV WILL B"" 
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isssurfaces are generally " stoned " preparatory to polishing,. I 
that is, rubbed to a .surface with bluestone or water of Ayr stonej 
and water or oil. 

Wjgjng Polishing Material — Red-stufT should be thoroughly J 
beaten up on glass or a polished steel stake to a stiff paste witl^ 
very little of the best oil that can be obtained. It is very poo^ 
economy to use inferior oil. Far too much oil is often used, an^f 
the mixture left thinner than it should be. Olive oil is not suit-^ 
able, and, if used, the polishing stutf becomes sticky in a dayj 
or two. Refined sperm oil, sucti as is used for watches, answen ' 
well. Diamantine should be mixed on glass with a glass beata 
in the same way, as dry as possible, so that when it is used thel 
polisher is only just damped with it. If diamantine is brought 
mto contact with metal in mixing it turns black. Vienna lime, 
which is much favoured in the American lactones, is very quick 
in its action. It may be used with water, bnt is much better 
mixed with spirits of wine, and used with either a tin lap or a ~ 
boxwood polisher. It should be kept in stoppered bottles awayl 
from the light, and mixed just as it is required to be used. 

Poliahing Watch Wheela. — Escape wheels are generally fixec 
to a small brass block. The block is heated in a bluing pan, antfl 
a piece of resin passed lightly over it so as to leave a very thinfl 
varnish only, which is quite enough to make the wheel adhere jr 
there should be circles marked on the face of the block as a guid«^ 
for fixing the wheel as nearly central as possible, or else a small] 
pin in the centre of the block to go through the hole in the whe^M 
with the same object. The wheel fixed to the block is firs^ 

I bed till quite flat on a piece of bine stone having a true face J 
I which iskept moistened with watera 

I it is rubbeU with a circular motioi^ 

L '^T^' by means of a pointer (generally 9, 

f ^Tg drill stock) pres.sed down on th? 

; ^W^ middle of the back of the blocks 

' I which is hollow, as shown in thej 

^ I sketch ^Fig. i.) The wheel 

I ' t thoroughly cleaned, and then 

Fig. I. poiishetlonablockofgrain tinwith 

sharp red-stntf and oil well beaten up previously. The block 
of tin rests on a leather pad. When one side of the wheel is" 
finished, it is placed again in the bluing-pan. The old resin is 
cleaned off, and the finished side of the wheel fixed to theblockj 
After both sides are polished, the wheel is placed in spirits o 
wine to remove any resin adhering to it. 

Solid Itain Wheels are placed on a piece of cork screwed in 
the vice, audrubbed with apiece of blue stone (previously rubbed 
on a stone to an even face) moistened with water. Whei- ''"" 
wheel is nibbed flat, it is put in a pair of Iutcvs mVa a. '^' 
screwed on the ardor, and revolved vjit\i a \iavi\«i'«,'""' 
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at the same time with a thin piece of blue stone moistenedm 
oil, ami having a perfectly flat face. This process must be co 
tinuod till the wheel presents a perfectly smooth face, freefia 
all marks and scratches. This point is important, as i«fM 
murks cannot he removed by the snbsequent polishing, esctf" 
by the sacrifice of much time, and also of the squareness of &i 
work. The wheel, having been well cleaned with bread ^ 
slioiild be seen that the bottoms of the teeth are quite cleatt),iifl 
next rublicd with a pieceof flat boxwood, and theunction or paSeJ 
obtained by rubbing two blue stones together, with cleau oil, 1 
and afterwards, if briglitness be desired, with a bit of cedar ot 
willow ; but a tnie, liai surface, the teeth also flat and 
nut rounding at the sides or end, is more to besought I 
alter than a mere polish. Pierced wheels are brst I 
rublictl lint on a cork either with ablue stone or water I 
of Ayr .stone. After cleaning they are polished with I 
a solt till jwlisher*, and uioaerately sharp red stuff, | 
using a slighlly circular stoke. Insteart of a plain 
coiksduielinisliers usea hemisphere of cork resting in forks cut 
in another cork, as in Fig. 2. \Vhen quite flat and smooth, tiie 
wheels are washed in soap and water, and burnished on a clean 
liard cork with a burnisher well rubbed ou a board with rotten 
slone or red slulf. To ensure success in polishing wheels the 
greatestcleanliness must beobserved, and thepolisherfiequently 
liled to keep a flat, clean surface. If the operator cannot get on 
after a lillle practice, failure can generally be traced to a wanl of 
Ihe scrupulous cleanliness absolutely necessary throughout the 

■ Qrain Tin Polishers.— Owing to the extreme softness of tliis metal, 
iiinkiiin ;i jjEilisluT ill imce li(,'lil and rigid is a task of some difficulty. If 
a isii, ijiM.i liiiiddiif, ilifsmajk-st size Ihat will beoluseinpolishiugwheels 
w ill he 111 :il)oiil.svvi;ii-i;ii.'luli,sot"uu inch broad, by five-sixteeulhs thick, and 
ivin lliis sUi: H ill rcqiiiic grual care hi iiliug and use to avoid beuding. A 
pliiLL ifi;i)iLitiiciiili;d bj' Sir. Graj is 10 file up a bell-metal polisher about 1 
ul an int'h thick, and of the required width, audto tin the tace with acop- 
licr bit, muriatic ucid,autl solder, and making a mould lor half the leagib 
ut the jiolishur in plaster of I'liris, cast on a layer of grain tin, previouslj 
luMlin^ the Uill-metal to rather more thau the melting point of tin. A 
y<ilishi.T uiitde in Ihia way is fur lighter and more rigid lumi any solid tin 
line. Circular blocks should be cast with a flange on the bottom, and con- 
Kidembly 111 ickur than required, liy means of the flange you can griptheffi 
ill the luuiidril and surface them, takiug aconsiuerable portion oif tue top. 
If there uru impurities and grit m tUe metal, they have a tendency to rise 
to the top, and are Ibus removed. Tin, previous to being cast into bloclUi 
ii:o., should lie carefully uietted several times iu a ciea/i iron ladle, and each 
time poured Ironi a height while in a melted state into water, thus break' 
iiig it up into very small pa rtideii, and enabling youto washit thorougblf 
to remove all grit, &c. Tnelile used for finishing the face of tin polisQcn 
should be uu old smooth-cut oue, iceii wont. A uew tile is useless forthii 
purpose, as it clogs and cuts, leaving deep scratches in the metal. The 
nie marks should be stoned out, aiiU Eually the face carefully burnished 
with a flat burnisher. 
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Ieratiou. In fixing escape wheels to the brass block there must 
but a smear of resiii ; too much will be fatal. A mixture of 
icqual parts of beeswax and resiuis preferred by some, asit has the 
advantage that it maj' be removed from the block with hot water. 
Large Steel Pieces, such as indexes and repeater racks which 
arenotsolidand springs should be shellaced to a brass block, and 

golishedunderhand; aflat surfaceisfirstobtained by rubbing with 
ne emery on a brass plate ; afterwards with coarse red stuff on a 
bell-metal block. The work is then finished off with diamantine 
on a zinc or grain tin block. The diamantine should be well 
beaten up on glass with as little oil as possible. Such parts as 
rollers and collets are polished in the same way. Levers are 
pressedintoapieceofwillowheldin the vice, and polished with a 
long, flat bell-metal or zinc polisher, moving the polisher instead 
of the work. There is nothing like diamantine tor giving a good 
black polish. It is, however, very quick in itsaction, andrequires 
somelittleexperiencetoavoidoverdoingit and making the work 
foxy. Thework,polishers,&c.,mustbek ft c duIou clean. 
Pinion Leaves may be polished by mea sofa tool as ho\\nin 
F'g- 3- which consistsof centres 
for holding the pinion and 
guides through which the ruu- 
nercarryingthepolisherworks. 
The polisher is of some soft| 
material, usually lead. Where ^ 
pinions are made in large 
quantities the polisher 



tualedhya "Wig Wag" ifithasato-a f no I ns 

mayalso be polished by nieansofarotatin^willowvjlnider carri- 
ed between two armspivoted to a frame (a b, Fig.4). A slide rest 
(G)holdingthe pinion between centres is setunder the roller, not 
exactly at nght angles to it, but sufficiently askew to cause the 
pinion leaves to cut a screw in the cylinder, which then rotates 
thepinion. Duringtheoperationthesliderestisvvorkedtoandfro 
There isan adjusting screw to keep the roller from going too low. 
Facing KnionB.— The facing tools should be madeof steel, to 
be used with coarse stuff for squaring up the face, and bell-metal 
with diamantine forfinishing. The pinion arborniust have only 
moderate play inside the too!, but its end must be kept perfectly 
free, or the points of the leaves will not come up. To ensure this 
freedom, the toolshouldbedrilled from the back withalargedrill, 
so that the smallerpart of the hole shall notem>iYa.i:e.mnie.'<:aaa. J 
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halrthe length of the pinion arbor. Convenient tools maybe 
made by pro\-:dini: a tube of a proper size tapped on the inside, 
into which stoppings of steel or bell-metal (^to form the facing 
too' are screwed. Thi> plan has the ad^-antage of giving ample 
play to the end of the arbor, and the polisher when worn out can be 
ea>:]y renewed. To face pinions one end is supported agfainstthe 
back centre of the turns, and the pinion rotated by means of a 
screw ferrule and hair bow. See Fig. 5.) The tool is pre^ 
again>t the pinion with the end of the forefinger, and the bow 
held at the .v/>. moved with long steady strokes. The tool 
must be kept iiat by frequent filing. 

care being taken to keep it upright. : ™r.l-'^i 

so as to present a true face to the 
work. If it gets out of truth, it 
should l>e put on an arbor and turned Fig. 5. 

true. Wlien the tool is of proper size the pinion will "speak" 
(^make a squeaking noise » as the red stuti is dr^-ing off; if it 
does not speak it may be taken for granted that something is 
AATong, most probably an improperly sized or badl^- shaped tool. 
The steel should be used till the face is quite square at the ends 
and sides of the leaves, and with the ring well formed at the 
bottoms. Before finishing ^^^th the bell-metal tool, the pinion 
must be thoroughly cleaned with bread and by a peg being 
passed through it, so as to remove all dirt. The hole in the 
tool must also be cleaned in the same way. In finishing, the 
the tool must be filed with a ver>- old smooth-cut file, or rubbed 
with water of Ayr stone, and only slightly damped with diaman- 
tine. The bow must be moved smoothly and steadily ; if a 
jerky motion is given to it. perfect flatness of the face will not be 
obtained. For a similar reason the finishing should be ver>' 
quickly done, for if the tool is at all worn the face will be rounding. 
Fusee Hollows may be polished with a cup-shaped polishermade 
of iron or sheet copper, and held in a pair of of clams. The tool is 
made by first stamping the cup in a die: a hole of the propersizeis 
then made in the centre of the cup, and the tool held by the sides 
is slightly turned in the mandril to true it. The inside of the 
cup must also be chamfered a little to give the tool eflfectiveplay 
benind the fusee shoulder. Care must be taken to turn the hollow 
of a proper shape, not too deep, and to give the requisite con- 
cave form, the edge of the graver should be curved on the oil- 
stone. The fusee pivot is supported against the back centre of the 
turns, the clams held in the left hand, and the fusee rotated witha 
bow. After turning the hollow, the tool must be tried witha little 
red stuff, and if it does not touch the hollow all over, that part or 
parts of the hollow touched by the tool must be again turned 
slightly. This must be repeated till the hollow fits the tool 
t.»xactlv, when but very little polishing will be required. When the 
' the hollow properly, it will speak in the same way as a 
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n during the process of facing. When the hollow is smooth 
; red stuff, it may be finished with fine red stuff or 
liamantiue. If the hollow should have a inilky appearance 
from the fine red stuff, it may be improved by rubbing it with a 
clean peg and clean fine red stuff mixed wet. Set-square hollows 
and the hollows of centre pinions may be polished in similar 
manner. Since the introduction of diamantine the hollows of 
small pinions are often polished in the turns with a small zinc 
polisher held in the fingers, which quickly accommodates itself 
to theshape of thehollow, or abit of copper wire filed to the proper 
shape maybe used in the same way with fine diamond powder. 
Por Solid-Faced Pinions, barrel arbor shoulders the backs of 
rollers and the like, the work is fixed in a swing tool of the form 
shown in Fig. 6. The work to 
be polished is mounted on an 
arbor which is held between 
the sere ween treat bottom and 
the runner at the top of the 
tool. The face to be polished 
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must be exactly level with the \ 
_ horizontal centres of the swing 

tool, or the work, instead of being flat will be rounding. Some- 
times this swing tool is held in turns, but 
il is preferable to have a, frame as shown 
in the sketch, which allows free motion 
of the polisher. The end of the frame is 
held in the vice. The arbor on which tht 
work is mounted must run freely in tla 
centres ot the swing tool, so that the r__ .. 
tion of the polisher causes the work tr J, 
rotate ; at the same time the arbor mu^-t 
have no shake. The proper adjustmei t 
of the arbor between the centres must 
be seen to^occasionallydnringpolishing 
Lever End and Roller Cresoent Tool. — 
The top part of this tool (Fig. 7) is used d 
forpolishing crescents in rollers for levei 
escapements and similar pieces. The ' 
roller is secured by means of a clamp 
screwed to the body of the tool. There ate steaiy ■^maVoVt's 
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this clamp always iu true position, and a short spiral spring 
round the body of the lower screw presses the clamp open as the 
screws are relaxed, so that the work is at once released. A steel 
rest for the polisher, fixed to the body with screws passing 
through slotted holes to allow of adjustment for height, nins 
down the whole width of the other end of the tool. The lower 
clamp is for holding levers and other pieces that are polished 
on a block underhanded ; the steel piece with the slotted holes 
for adjustment, just referred to, being rounded on the end to 
act as a former, the shape of the work of course corresponding 
to the curve of the former. 
Lflver Edges, chronometer detents, and many other parts are 
^-y . ,-. polished in a swing tool, 

-^-riA^T- , rf^T— ^ like Fig, 8, care being 

taken as in the previous 
case to get the surface to 
be polished level with the 
swinging centres. The two 
upper screws in the cover 
plate are tapped into the 
body of the tool. The 
lower screw tapped into the cover plate is used to keep the plate 
parallel with work of different thicknesses. The teeth of chrono- 
meter escape wheels are also polished in a very similar tool, 
each tooth m succession being brought to the swing level 

Roller Edges for lever and Chronometer Escapements are often 

polished by means of a rotating disc or mill of bell-metal. The 

roller on an arbor is fixed to the slide rest of the lathe in a pair 

of turns or specially adapted holder, as shown in Fig. 9. When 

brought into contact with the mill, it is turned with a bow or 

the thumb and finger, and the slide rest 

traversed the while so as to move the roller in 

a plane parallel with the face of the mill. 

After the edge is polished, if the comers of 

the roller are to he chamfered, the holder is 

turned first one way and then the other to an 

angle of 45°. 

Another way of polishing roller edges is to 
place the roller to be polished on an arbor be- 
tween two flint hard rollers of the same diameter 
as theone to be polished is to be when finished, 
and polish in the turns. 
■ Yet another way of finding a rest for the 

H polisher is by means of a broad-headed screw 

^B I I put through the runner of the turns, the roller 

^^ Fig. 9. IS placed near the end of the arbor, and varying 

^K diameters are accommodated by raising or lowering the screw. 
^H Stttd Holder.— pig. 10 is alltt.\e'\iQ\4e.'c lot ?,\.\i&s, wiisisai^ ' 
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I turns on a universal joint at tlie bottom, so as to 
lie angles of the stud in turn within range of the 
piich works to and fro on a steel rest attached to the 
1 body of the tool There are screws for 
) tightening the joint in both directions if it 
I is not stiff enough. For watch studs of 
I steel, the jaws of the holder are of brass ; 
for chronometer stud-5 of bras*) thej are 
lined with 
rv. Mr. 
Bridg- 

i n trod need 
erior tool of this kind, 

Fig. II. The uni- 4 
at is very strong, and 
I rest for the polisher 
a holes to allow it to 
ed for height. There 
iinged to the body of 
JBmething like a desk. 
til be raised or de- 
w means of a screw at 
t, so that when the 
teot to the right angle 
^g a surface, this flap 
it up to be in contact 
iid the holder may be 

Etaraine the work with 
ty of being able to bring it back to the same place. 
g Screws. — F'inishers generally use the old English 
4 tool for producing the beautiful " tallow top " 
ed in English work. This tool is a mandril running 
aring, with an overhanging ferrule and a rest for the 
like Fig. 12. The screw whose head is to be polished 
Unto a chuck, 





olishmg the taps and points of the screws. Here the 
lipped into a hole in a narrow-faced " lawtev-o." 'v\c>-ca. 
and kept in position by a screw wUcV tuvis. ■>-\««'^'^ , 
LtJtelantezB and jambs the screw \iea.i a.sa.\-a*'^- ««.j 
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back of the fact. With a long bow, screws are poliehdii 
cxptditiously in the English tool, but it is not soluni™ 
jobbing, where so many different kinds of screws are in*J 
For jobbing, tliecheap form of Swiss screw head tool.shijr 
Fig. i4,isstill used. There are a niimberof different sizedhw 
lined with brass so as not to bruise the taps nf tbe screws, fl 




important to use one of tbf right size, for if too small in the hot 
the screw is sure to be marked. Thelioldersarespningopen.ani 
a sliding thimble serves to nip them together sufficiently to go 




?J^«^. 



.- rests on a roUertopermitof smooth running. Theupper 



^Itii \/**^en projecting from the body of the tool i: 



I lap. 



kv-^^^^ ispressertagainstthework and slightly rotated toaud fro by 
s j-a*^^? '^^^ finger of the right hand, while the work in the holder 
i-t^ T>idly rotated mth the left. Two nearly semi -circular laps 
i^ij-. fe^nerally screwed to one holder, as shown in Fig, 15, one of 
p^^i. ^teel and the otherof gun-metal. Fig. i6ahowsalanternfor 
tij-^^'ng the ends of fusee squares. Smaller ones of the .same 
fc>^ *i are used for holding screws so that the taps and points may 

jI*olished as described in speaking of the English tool. 
Xi.^;^^ more modern tool by Boley is shown in Fig. 17. The 
^s^^ *ier has a round corrugated body, and it is furnished with split 
"\^^*<;ks of brass and steel useful for holding other pieces of 
1;^^*"lc besides screws ; when the lap is not in use its arbor may 

■j^wung out of the way. 
^^''teek's Pattern Screw Head Tool (Fig. i8)is especially adapted for 

V^^lglishwork. It 

ft?-s one arbor 
j^ted with brass 
^^Uterns large 
^Uough for 
Vsees, another 
^th small .steel 
^ interns for jewel 
^ crews, and a 
^lird with brass 
^plit chucks of 
"Various sizes 
Xrhich ma\ be 
Instantly opened 
^r closed per 
fectly centr-il bv 
means of a large 
milled nut. The 
laps are of a good 
form. 

The Screw 
Point Tool (Fig. 
19) is a holder, 
which is rotated 
in a hole formed 
in a block 
gripped in the| 

Fig. 20 is a 

little triangidar 
plate used for 
polishing screw 
heads flat under- 
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hand. In two of the holes are screws with hardened poinb, ai 






Fi^. 20. 



Fig. 19. 
in the third, head downwards, is the 
screw to be polished. It is obvious 
that small pieces other than screws 
may be shellaced to a tool of this kind 
and polished underhand. Fig. 21. 

Conical Pivots. — ^The cone should be an easy curve dying away 
into the pivot proper, which runs in the hole ; this part must be 
perfectly straight and parallel. The pivot having been turned toa 
little over the required size, its end is laid on a bed formed in a 
runner of the turns. (See Turns.) Every time the work is ex- 
amined the bed of the runner must be cleaned and the runner 
adjusted to a slightly different length, so that it does not bear on 
the same part of the pivot. If this is neglected the pivot is sureto 
be marked. A soft steel polisher made to suit the pivot, as shown 
in Fig 21, is then used with either oilstone dust or red stuff. 
It should be used with a backward and forward, as well as a rolling 
motion till the pivot is reduced so that the hole, when taken upon 
the tip of a damp finger and applied to the acting part of the pivot, 
fits without vshake, but with just sufficient freedom to fall off. The 
pivot is then finished with aver>' smooth burnisher and oil. In- 
stead of the soft steel polisher, some prefer to use a hard steel 
burnisher roughened on a piece of lead with emery, which makes 
an equally good pivot. For rounding the end of the pivot, a thin 
edged runner to allow the end of the pivot to come through is used. 
The pivot is rounded by passing the burnisher from the body of 
the pivot over the end. If the burnisher is used /rom the point 
towards the body of the pivot a burr may be formed. There isa 
little difference of opinion as to the proper shape for the ends of 
balance staff pivots. Many manufacturers say the watches time 
better if the ends are left nearly flat, as shown in Fig. 21. This 
is not accepted by others, who prefer the pivot ends left rounder. 
The size of the ferrule is not a matter of indifference While a 
large size is an advantage in facing a pinion, as small a one as 
possible should be used in polishing a pivot. The chief difficulty 
of beginners is to get the polishers and burnishers of exactly the 
same shape from end to end, so as to follow each other properly. 
This uniformity may be secured by drawing the polishers and 
burnishers from end to end across a piece of hardened steel, the 
edge of which is of the shape it is desired the pivots should be 
shaped, till they coincide with the form of the steel. (See Fig. 22.) 
"^he best plan is to file up two pieces- of steel together, 
itly bevelling the edge of one to give it a cut, 
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1^^ - leaving; the other quite square. With only one piece 
^^■-— — , [here is a tendencj' to cut the polishers too deeply, 
li'iivingthem ridgy. 
Straight Pivots with square shoulders are polished 

I i with asteelpolisherslightlycurvedalongtheed^e, that 

Fiy. S2. acts against the shoulder ofthe pivot, as shown in Fig. 
23. This edge is also dovetailed a little so as to form rather less 



J 01 



1 



than a right angle with the bottom of the polisher in section, as 
shown in blackat theleft hand of the figure. The operator will 
find by experience the amount the polit^her requires to becurved. 
It is rarely that one man can use another's polisher so well as his 
own. If the edge of the polisher is too much dovetailed, it will 
produce a wavy shoulder to the pivot. The pivot must be turned 
nearly to its right size, with the shoulder quite square. During 
polishing the end only of the pivot must rest; on a suitable bed on 
the endof the runner. Apieceof papermaybeplacedunderneath 
the pivot to reflect the light. The light so reflected must be 
divided equally on either side of the shoulder during the process 
of polishing, and uniform pressure exerted along the pivot. The 
polisher must be used with a backward and forward motion, and 
with a slightly lateral motion also, to prevent ridges being cut 
in the pivot. 

Those who have not had much experience in polishing may 
with advantage use a lap for straight pivots and shoulders. The 
lap and pinion are rotated in opposite directions by means of two 
bows held in the right hand, the lap being centred in the back 
limb of a depthing tool and the pinion in the front one. An ami 
(a. Fig. 24) is fixed to the depthing tool to hold it in the vice, 
and a piece of brass 
wire (&) clasps the 
runners ofthe front 
limb, so that the 
operator can move 
the pinion to and 
fro with his left 
hand. A soft steel 

lap at first, and afterwards a zinc one, are generally used. They 
should be turned true on the edge and the face slightly undercut. 
One of the laps with ferrule is shown at c. 

Lately there has been introduced the "Compact" mill carriage 
and holder. Fig. 25, which fits into the tee rest pillar of the turns. 
ThCTe is a spring pressing against the end of one of the runners 
of this carriage, so that the pressure of a finger against the end 
ofthe other runner is sufficient to give a to-and-fro motion to 
the mill. The carriage is mounted on ah^in^ed^\a.\fe"rov,a.'a.i.\f^ 



I 




tttnung a set sctctt the free end of it is raised or lowered, 





Fig. a6. 
\ theroilltorecedefroniorapproachthecentreof the turns. Be^de 
[ a n-ide range of polishing, this tool is adapted for snailing. 
A neat" lap-holder, shomi in Fig. 26. accompanies the 
'• Hopkins," and other American lathes. This may be angled 
in any direction, and is also suitable for snailing. Other forms 
are shown under the head of ■' Lathe." 

Hftchine PolisMa^. — Fig, 27 sho»-s the principle on which the 
polishing is couducted in the American factories. The pinion 
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jr staff to be polished is rotated by the spindle on the left hand, 
I the other end of it being centred in the runner B. The polisher, 
to which a rapid to-and-fro motion is given by a ■' Wig Wag," 
has four acting faces, each of 
which in rotation can be quick- 
ly brought to bear on the work 
iuhaud. By meansof a jewel- 
led screw ill the runner B for 
the edge of the polisher to mo 
on, the taper of the staff or 
pinion can be adjusted to wliat 
IS required. 

^OT ■5oV\^\i\\\^ the pivots, the 
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Rm is held in a cage by the slight chamfers at theshouldera 
e pivots. The construction of this holderwill beunderstood 
Croin the sketch. Fig. 28. The back sink is formed in a sliding 
fclock. which is kept against the pinion sufficiently tight during 
•he process of polishing by a spring. This spring yields and 
allows the block to be pushed back when a fresh pinion is 
inserted. The pivot is quite unsupported, and is found to be 
^uite strong enough to sustain the pressure of the wig-wag 
j>olisher. A thin plate containing the front sink for the recep- 
tion of the chamfer, through which the pivot to be polished 
projects, is shellaced to the cage so that it may be readily 
attached and set true with the hole when it has had to be 
changed for a different size of pinion. 

A spring holder of this kind would form a very useful adjunct 
to a lathe for many purposes. The front plate might preferen- 
tially be fastened by a couple of sunk screws instead of with 
shellac. 

Watch Case PoUsliing.— The outsides of watch cases, when not 
engraved or engine turned, are polished by rubbing them on 
the leg of an old worsted stocking stretched on a board and 
charged with rotten stone at first and afterwards with red stuff, 
The final polish is given with the palm of the hand and rouge. 
For the insides, wooden dollies of suitable shape are rotated in 
the lathe. The dollies are covered first with felt, and for finish- 
ing with the finest doeskin; the beads, if any, are polished 
against a rotating brush. Boley provides a very useful lathe and 
requisites for polishingwatch cases, jewellery, &c., as shown in 

Fig. 29. 

For polishing rings, buffs covered with felt or cotton (Figs. 
30 and 31) are useful. 

To Polish Mother of Peajl, Ivory, and Horn. — Rub with wet linen 
cloth dipped in finely powdered pumice-stone, finished off with 
putty powder and a wet rubber. Ivory which has become dis- 
coloured may be restored by exposure to the sun's rays under 
glass. If not placed under glass the surface will crack. 

Clock Platea. — Brass clock plates after being filed flat are sur- 
faced either by stoning or " shaving " ; the latter operation being 
performed with a sharp tool held in a long handle under the 
arm. They are polished with emery, rotten stone or oilstone 
dust and oil, used with a wooden wad or a soft bni.sh or a polisher 
of willow wood. Chronometer plates are polished in the same 
way, and afterwards with red stuff and oil. 

Polishine Stake. — {^Bloc h polir. — Polirslock.'] — A square 
polished surface of steel on which red stuff and other polishing 
material is mixed. It is usually enclosed in a box with a lid, to 
exclude dust and dirt. 

Poole, John (born 1818, died 1867), a clever chronometer 
maker, and inventor of an auxiliary compensat\OTi ■w'm^'a- "wsa 



met with much favour. (See Auxiliary.) 

Potence,— [/"D/ani-c.— /?fr Gangkiobm.}— 
A hangdown bracket used for supporting the 
lower eud of the balance siaflF in fuU-plale 
watches. Any hangdown bracket used in 
watchwork. 





Potence File — [/ / ]— \flat 

file, tt der tl an a p liar file Tl e s e of po 

tence file most generally used is four inafces 

^ong, measured from the pomt to the en,d of % 

'ae-si'xteeaths of an iuc^ wie. 
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■potential Energy.— Power to do work. A mainspring 
when wound possesses potential energy. The pressure exerted 
multiplied by the distance travelled in winding would be the 
measure of its potential energj'. The potential energj' of a 
raised clock weight is equal to its weight multiplied by the 
distance through which it can fall. The potential energy in 
foot-pounds of any raised weight = w i4, where w is the weight 
in pounds and k the vertical height in feet. 

Precious Stones. — {^Pierres predeusa. — Edehtdne.'] 
The Diamond, king of stones, is crystallized carbon. 
Diamonds, as a rule, are cut into one of two forms. Brilliant or 

ORose. Large stones are, if the shape permit, 
brilliants, that is with a flat table on the upper surface,, 
surrounded by small angular planes or facets {V\%. i).,. 
I^g ■■ The under surface is also cut into facets, and terminates 
nearly in a point called the collet or cullette. 

Flat stones do not allow of this stj'le of cutting, and are cutj 
as roses, having the top surface covered with small facets andi 
the underside left flat. 

To Identify a Diamond, prick a needle hole through a card, 
and look at it through the doubtful stone. If it is spurious, 
two holes will be seen on the card ; if it is adiamond, but one, 
for there is no other stone at all resembling the diamond but 
what gives a double refraction. This test is a delicate one, and 
its aswell toplace the card in a strong light, and to iix the stonetj 
in the end of a short opaque tube, because it is difficult to see^ 
even a sharp, well-defined object through the diamond. This 
property is also made use of for determining an uncertain 
stone. If the finger is placed behind it. and looked at through 
the stone with a watchmaker's glass, the grain of the skin will 
be plainly visible if the stone is not a diamond, but otherwise 
■will not be distinguished at all. A diamond in a solid setting 
may be identified in the same way ; if genuine, the setting at 
the back cannot be distinguished, but if a false stone, either 
the foil or setting may be plainl}' seen. 

The Sapphire, which is composed of alumina and stands at 
the head of the corundum class, varies much in value. It is most 
highly prized when of a rich velvet blue or dark red colour. 

A stone of the latter kind is generally known as a Suby, 
although of precisely similar composition to sapphires of other 
colours. Watch jewellers who use both light -coloured sap- 
phires and rubies, assert that the former are as a rule of a 
higher degree and more uniform hardness than the latter. 

The Topaz is also corundum, and most closely allied ' 
position to the sapphire. 

Bpinelispartly allied to thesapphire.beingcomposedof alumina 
and magnesia. The redvarietyofthiS3tO\KtSS>OtRe\.\'o\t=,' " " 
Xhe^Spinal Ruby. 



^ 



1 



imina^H 



r3oo 
The ChrysobBryl is an aluminate of glucina. 

The Beryl, Emerald, and Aqna-Maxine, the last-named of which 
is a pale bluish green in colour, may be classed together, being 
composed of silicates of alumina, and the rare earth glueina, 

The Zircon, the Hyacinth, andthe Jargoon are silicates of zirconia. 

Garnets are divided into three classes, the iron, the alumina, 
and the chrome garnet. They varymucliinvalue.thecommoner 
kinds being used for jewelliug the cheaper grade of watches. 

Bock CryrtalB, a crj'stallized transparent form of silica, also 
known as ■' Bristol," " Welsh," '" Cornish," or " Irish " diamond, 
is also used by watch jewellers. 

The Amethyst and the Caimgom are also varieties of crj-stal- 
li^ed transparent silica. 

Chalcedony, Agate, Onyx, Sardonyx, Cornelian, ChryBopraie, 
Heliotrope, and Jasper are forms of silica either amorphous, 
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Tourmaline is a boro-silicale with alumina, iron, magnesia, 
and fluorine. 

Soon-Stone, Sun-Stone, Amazon-Stone, and Avantorine are forms 
of felspar. 

Colour, Degree of Hardness, Specific Gravity, and the kin^ 

' Refraction (Single or Double) of the Principal Gems ; — 

Hird-SpcdBc R=^' 

.. _. _ 6, Viok-t-nnjivn. Blaik. ncss. Tjwvilr- t^* 

Diamond • • • . • • ,q ^.j a 
Sapphire ..•••■« g 3-9— 4 ry 
. «-S 3-8 



Beryl ■ 

Eiuerald 
Rock Crystal* 



Turguoise 
Lapis Lazuli 
Opal ■ 

NOTE.— To I 



3-7 
3 '5 



6—73-4 

6-7 3-a 

6-5 3-1 
6 3 '6— 3 
5-5 2-4 
6 2-3 



^ofa 



?, plai .^ _ _ 

e end of the lieaiii of a pair of sensitive scales, ^^^^^rnis 
liorsehair with a loop to the scale beam over the water, ami add W£' ■^5 its 
to produce eguilihriuiii. Tie the stone to the horsehair, and 110' '^-^ 
exact weight m the air. Then lower the horsehair so that the stot^*. ■ 
immersed in the water, and again note its weight. Divide the weigl*^ j^ 
air bj" the difference between the weight in the air and the weigh '^' 
water, and the quotient will be the specific gravity. 

Pearls. — Pearls will never tarnish and lose their brillianc:;?^^ 

kept in dry, common magnesia, in lieu of the cotton wool u^^^^ 

j iu jewel cases, ^^^ 



P^^^ Carat, used as a unit of weight for diamonds, is divided 
„_^^<3 four grains; these grains are sometimes called "pearl 
5^^^^-ins." to distinguish them from the grain troy. The carat 
-^^^If, unfortunately, varies in different countries. In England 
J- Equals 3-17 grains troy; in Holland, 3-0; and in France, 3-18. 

*-*■ the United States the English weight is mostly used. 
-^ *Xhe word carat, as used by refiners, though understood to 
i^^^an a weight equal to 4 grains troy, simply expresses a -^. 
^ lius, " i8-carat gold" would imply i-J of piure gold. 

The Grain Troy is the unit basis also of Apothecaries' and 
'^Avoirdupois weights. The pound Troy and the pound Apothe- 
caries' weight each contains 5760 such grains; the pound Avoir- 
'iiapois contains 7000. 

'rhe Ounce Troy — 480 grains or 20 pennyweights, is now by 
legal enactment the standard weight to be used in the buying 
and aeJUng of gold, silver, and platinum, and is to be decimally 
divided ; so that the grain and pennyweight, though trom long 
custom still familiarly used, are not recognized in law. 

Belf-olosing Diamond Tweezers. — The self-closing tweezers 
shown in the engraving are useful for holding a stone which it 
is desired to examine or display. Their action is similar to that 
of the well -known universal watch key. The jaws of the tweezers 



open to receive the stone when the projection at the end of the 
handle is pressed, and clasp it sufficiently tight when the pres- 
sure is removed. 

Frest, Thomas. — Patentee of keyless action for watches 
(No. 4501, October, 1820). Prest was foreman to Arnold. His 
mechanism was for winding only; it contained no provision for 
setting hands, and is said to have been used as an adjunct to 
watches for the blind. 

Fump Centre. — {Pompeh centrer. — Die Cenlrirspitzc.^ — The 
centre of a mandril which is projected by a spring and kept 
back by a bayonet joint. 

Fmnp Cylinder. — \^Mesure a piston. Das ielescopische 

H'6henmaas.'\ — A sliding telescopic gauge used by chronometer 

ji makers for taking heights. A helical spring 

Ctm]-''^^ '^ ' I I expands the gauge, and a set screw tightens 

the sliding piece to secure a Measurement. 

Push Piece. — \_PoussiUe. — Der Druckkiwp/.^ — The kiiob 

pushed in from the pendant to open the case of a key-winding 

■ watch. In pendant-winding hunting watches, the button and 

fcwinding stem form the push piece, 

^^ (2). A little projection on the baud of tke cajat m ■^'o.w&i.-o.^. 
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winding watches, which is pushed in when it is desired to set 
the hands of the watch. 

Quare, Daniel (bom 1649; died 1724). The invention of 
repeating watches is claimed for Quare as well as for Barlow. 
There is no doubt that Quare made repeating watches of his 
own design about 1680. Prior to that, ne had applied motion 
work for driving concentric hands of watches and clocks. He 
was buried in the Quakers* ground at Bunhill Fields. 

Quarter Clock..— \//or/oge a guards. — £>te VierteluhKy-k 
clock that strikes or chimes at the quarter hours. (See Striking 
Work.) 

Quarter Back. — \^Pihe aux quarts. — Viertel- 
rechenJ] — The rack that regulates the striking of the 
quarters in a clock or repeater. The sketch shows 
a quarter rack for a repeater. (See Striking Work 
and Repeater.) 

Quarter Screivs. — [ Vis reglantes. — Die vier Re^lirschrau- 
ben (^U7iruhe),'\ — The four screws in a compensation balance 
that are used for getting the watch to time. 

Quarter Snail. — [Limafon des quarts, — Die ViertetstaffeL] 
— The snail used in the quarter part of clocks and repeating 
watches. 

Sack. — {Rateau. — Der Rechen,'] — A straight bar or segment 
of a circle with teeth. (See Cremaillere, Hour Rack, Quarter 
Rack, Rack Lever, &c.) 

(2.) A wooden stand with wedge-shaped notches for the 
reception of watches while they are being timed in positions. 

Sack Lever. — \^A7icre a rateau. — DerAnkergang mit Rechen 
und Tireb.'\ — A watch escapement patented by Peter I^itherland, 
in 1794. There was no impulse pin as in the present form of 
lever escapement, but the lever terminated in a rack, which 
worked into a pinion on the balance staff, so that the balance was 
never detached. Watches with this escapement were made in 
large quantities at Liverpool during the early part of the present 
century. The rack lever is said to have been inventedby the Abbe 
Hautefeuille, sixty years before the date of Litherland's patent. 

Sack Hook. — [^Grapfe. — Die Eingfallschnalle.'] — In a 
striking clock, the lever with a click that takes into the teeth 
of the rack. (See Striking Work.) 

Batchet. Batchet Wheel. — [^Rochet.— Das Sperrrad.]— 

A wheel with pointea teeth fixed to an arbor to 
prevent its turning back. The fronts of the teeth 
of a ratchet wheel are radial, and the backs are 
straight lines running from the tip of one to the 
root of the next tooth. Ratchet wheels are right 
or left-handed according to the direction of the 
teeth. 'A pawl or click is a necessary adjunct to a ratchet wheel. 
Til is pawl or click is a finger, one end of which fits into the teeth, 
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l^the other is pivoted on a tangent to the wheel ; so that the 
ce of the wheel, in striving to turn hack, is transferred to the 
I>ivot, which in its turn must be fixed to some resisting base 
<;apable of withstanding the pressure. In watches, chrono- 
aneters. and clocks with mainsprings a ratchet wheel is fixed 
"to the barrel arbor to prevent the mainspring flying back after 
it is wound ; the click being pivoted to the plate or bar in which 
the barrel arbor works. In going-barrel keyless watches this 
"wheel has epicycloidal teeth to gear with the winding work, but 
it is still spoken of as a ratchet. The teeth of lever escape 
Tvheels when pointed are sometimes spoken of as ratchet teeth. 
BatinirNut. — [ yis reglanie. — DieRegulirsckraube{Peiidel.y\ 
— A round nut with a milled edgescrewed to thependulum rod of 
a clock. It supports the pendulum bob, and by turning it to the 
right or to the left, the bob is raised or lowered, and the timekeep- 
ing of the clock altered. In the finest clocks a scale is engraved 
round the rating nut to servea.s a guide to the amount It is turned. 
Rat Tail File. — [Lime queue de rat. — Die Rund/eile.'] — ^A 
tapered round file. 

Recoil Sscapemeut. — \Echappemenl a recul. — Die ruck- 
Jallende Hemmung.~\ — Au escapement in which each tooth of 
the escape wheel, alter it comes to rest, is pressed backward by 
the pallets. (See Anchor Escapement.) 

Red Stuff. — [Rouge.— Das Hotk.~] — Sesquioxide of iron used 
with oil for polishing brass and steel work. Crystals of sulphate 
of iron are subjected to great heat, and then graded into polishing 
stuff of various degrees of fineness. The more calcined part is 
of a bluish purple colour, coarser and harder than the less 
calcined, the finest of which is of a scarlet hue. Clockmakers 
use the bluish purple under the name of "Crocus;" and the 
scarlet, known as "Rouge," is esteemed for the polishing of 
silver plate, watch cases, and the like. Watchmakers use four 
grades ; the coarsest, known as " Clinker," is used for giving a 
surface to steel after it is tempered. "Coarse" is used next 
for steel and for polishing brass. " Medium " is used to finish 
steel that has to be blued, and "fine" for polishing bright 
steel. "Fine" red stuff must not be used for steel that has to 
be blued, or the colour will not be even. (See Polishing.) 

Regulator. — {Regulateur. — Die Normalukr.l — (i). A 
standard clock with compensated pendulum. (2). The lever 
in a watch by which the curb pins are shifted. 

A few words on the construction of a watchmaker's regulator 
would not, I am told, be unacceptable. A good arrangement is 
shown in Figs, i and 2. The plates for the movement are, when 
finished, 875 in. by 7-5 iu. by 15 in. thick. They are made of 
brass, well hammer-hardened, flattened, and filed to a true surface. 
Tbeplates are pinned together by twosmall pins near the top and 
bottom respectively, and the edges finished, AUnavstkft'&^.'WM.':^ 
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Fig. 



Regulator Movement. 



Great Wheel— 144 teeth— Pitch diameter, 34 inches. 
Hour do. 144 do. do. do. 34 do. 
Centre do. 96 do. do. do. z'36 do. 

Third do. 90 do. do. do, I'll do. 

Escape do. 30 do. do. do. 175 do. 
The Pinions have all v. ' 




on one surface from top to bottom in the middle of the plate, an^ 
anotherline crossing it at rightangles 44 inches from thebottoo* 
will mark the spot for the centre arbor. From this point th^ 
centres of the other wheels are set ofif by the depthing tool*, an<> 
• In the absence of a depth tool, the correct depths of the wheels Wi^ 
pinions may be ensured by the tool described under the head of Clocl^ 



3t holes and pillar holes drilled and broached before the 
retaken apart. For the lighter arbors oil sinks maybe 




Fig, 2. Regulator Movement. 

;entre distance is short rather than long. Then drill holes in the 
receive the arbors, and stretch the brass a little at a time by ham- 
t, trying the depth after each stretching, till the deia\.\Y\s-oeT^e«., 
i in the strip of brass are then the templaVe Soi: 4-r\\\"QS««:V<JiK% 
3ck plates. 
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formed outofthethicknessoftheplate, but the holesiorthetefll ■ ^ 
arbor should be bushed to get a longer bearing. The arborrfk 
wheel below the centre wheel, which is driven bj'the greatwhA 
carries the hour hand, and the escape wheel arbor the secooh m^ 
hand, so that no motion work is needed. The train wheelsaie " 
all of the same pitch, those requiring to be of extra streng^ 
being thicker than others that have less strain on them. 

Using wheels of the sizes and numbers given throws thecenttt 
of the seconds hand and the centre of the hour hand each 2i inches 
from thecentrearbor, which allows of seconds and hour circlesas 
large as can be conveniently arranged on an eleven-inch dial.aod 
bold enough for a twelve-inch one if such a size is desired. The 
barrel is an inch and a half in diameter, and goes round once in 12 
hours, niakingtherefore 16 rotations in 8 days. Assuming thatthc 
weight has a pulley, a case allowing 4 feet of fall would be ample. 
The weight pulley should be about 3 inches in diameter. There 
would be less friction in working if the barrel were on the other 
side of the centre arborand the cord fell between the centre pinion 
and thecentre of the barrel, butthen the weigh t would be closerto 
the pendulum and would affect its vibration more, so thatthebar- 
rel is much better planted as shown. The late Astronomer- Royal 
felt so strongly the desirability of keeping the pendulum as &r 
away from the influence of the weight as possible, that he not only 
had the weight of the Standard Sidereal Clock at the Observatory 
carried to the extreme corner of the case, but had a wooden shoot 
made to enclose it. The grooves in the barrel are better cut so 
that the cord winds from the front to the back of the case, for the 
weight as it descends is then carried more to the front of thecase, 
and still further from the pendulum bob. The pillars should not 
be planted at the extreme corners of the plates, but equidistant 
from the centre arborand from each other, and also as close to the 
arbors as is practicable. The pillars are half an incb in diameter, 
with enlarged collars to give a good bearing surface on theplates, 
and each end beyond the collar about '3 inch diameter and* i inch 
long is carefully turned down to fit the holes in the plates. The 
front pillar screws have hexagon heads with a round prolongation 
to serve as a seat for the dial, and the dial screws are then symmetii- 
cally placed where they do not interfere with the figures. Tl^e 
bottom pillars are square in the middle where the screw holes f< 
fi x i n g the movement to the seat board are tapped. The barrel Is 
hollow, having the smaller ratchet cast on it, and is bored outtlo 
receive the front end, which is cast separately. It should 
squared on to the arbor, and then turned on it. The barrel arb 
has a solid collar at the back end to keep the great wheel and t 
larger ratchet wheel in their places. Details of the maintaini 
work may be gathered from the drawing under the head 
** Maintaining Power.** It will beseen that the bracket carryi 
oeudulum serves also as a s^aX Ic^si^d for the movemer^Tjj 
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Vis bracket is of cast iron, and the heavier it is the better, 

p. The seconds hand of a regulator should not be turned back, 

'iv by so doing the backs of the escape wheel teeth scrape 

^Rainst the pallets, and so re-oil theni, which is very likely to 

^Iter the rate of the clock. 

WTien about to wind a regfulator, or indeed any clock with 
"maintaining power, it is always prudent to first press the winder 
the reverse way, to ensure that the maintaining click is properly 
in the ratchet, otherwise it may happen when the click is just on 
the corner of a tooth, it is jerked out by the action of winding, 
and the clock momentarily stops. 

Reid, Thomas (born 1750, died 1834), a celebrated Edin- 
burgh clockmaker. Author of Treatise on Clockand WaicA- 
winitw^.containingthe experience of a practical and clever man. 

Remontoire.— [/^CHY constanU. — -Die constante fCraft.~\ — A 
springorotberdevice which is wound by a clock and discharged 
at regular intervals. The function of a remontoire is generally 
either to impart impulse to the pendulum or to cause the hands 
of the clock to jump through certain spaces. Though this 
word comes from the French, it is not now used in that 
language, except in the sense of a stem winder. 

Repeater. — [Montre a r/p/tilion. — Die Repetiruhr7\ — A re- 
peating watch. A clock or watch in which mechanism can be set 
goingto denote the time approximately by hammers striking on 
bells or gongs. In a quarter repeater the last hour is struck, 
and afterwards the number of quarters that have elapsed since. 
A minute repeater in addition strikes the number of minutes 
since the last quarter. Half-quarter repeaters, instead of gi\'ing 
the minutes strike one additional blow if the half-quarter has 
passed. Five-minute repeaters give after the hour one blow 
for everj' five minutes past it. 

Kepeatis^ Watches. — Repeaters were first made about 1686. 
Tbe honour of the invention is claimed for Daniel Quare and 
for Edward Barlow, a clergj'man who was uudoubtedly the 
inventor of the rack striking work for clocks, which was 
originally applied by him simply as repeating work. 

The engraving is a very fair representation of half-quarter 
work, copied from a movement lent to me by Messrs. Nicole 
and Co. Some of the parts are differently arranged by other 
makers, but the principle of all is the same. 

The small mainspring which supplies the power for repeat- 
ing is wound up by the wearer pushing round a slide that pro- 
jects from the band of the case. This slide is the extremity of 
a lever which presses against a pivoted rack engaging with a 
segment on the barrel arbor. There is underneath a segment 
of greater radius containing twelve ratchet teeth. The num- 
ber of hours to be struck is regulated by the position of the 
hour snail in precisely the same way as is the s.l'ntvn^'WQTV *A -s. ^ 



I 



I 



clock. At twelve o'clock the lowest step of the snail is pre- 
sented to the stop, so that the rack can be traversed its fiill 
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extent. In returning, each one of the twelve ratchet teeth in 
turn lifts the hammer which strikes the hours. To sound each 
quarter, two blows are given in quick succession on different 
gongs, the quarter rack being furnished with two sets of three 
teeth each ; one set lifts the hammer which gives the first note 
of the quarter and the other set lifts a separate hammer for the 
second note. As the slide is moved round, the all-or-nothing 
piece, as it is called, releases the quarter rack, and as a spring 
IS constantly pressing towards the quarter snail it moves in 
that direction till it is stopped by the quarter snail. After the 
hours are struck a curved finger, or gathering pallet, on the 
barrel arbor presses the quarter rack to its original position, 
and, in passing, each of the ratchet teeth, by pushing asidea 
pallet ^xecj to the sam^ arbor as cn\e q^ X\\i; \i'iTO,-TO.e\?,, oausES I 
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struck. Whether one, two, or three quartera are 
aids, of course, on the position of the quarter snail, 
■quarter rack, with hut one ratchet tooth, is placed 
, works with the quarter rack. Between each quar- 
en minutes past the tcoth of the half-quarter rack 
oincideiit with the extreme right-hand tooth of the 
k and is kept in that position by a spring catch, so 

not act. 
ter snail, attached to the camion pinion, is of two 
., with steps just dividing each quarter space, so 
le half-quarter the half-quarter rack gets round a 
r to the centre of the snail than the quarter rack. 
■ catch is sprung out, releasing the quarter rack, 
tted hole permits to move to the position shown in 
f, and then, after the quarters have struck, it lifts 
r and strikes one more blow. 

te difficulty that the half-quarter action presents to 
rers, I will give another example of it, in which the 
ained, with slightly different mechaniBm, forwhich 
ted to Mr. Etchells. 
J Here, the spring 

f^^gj^^ catch locks the rack 
(Kj<^^^^^|~^V^ in the position for ' 
®^(J^_^ T^ giving the half-quar- 
ter and is pushed out 
hy thepressureof the 
rack tail on the snail 
when the quarter 
alone is to be 
The engraving shows in separate pieces the quarter 
'ring catch, and the half-quarter rack ; to the right 
■.parts are shown together; on the extreme right is 
Jid an under view of the quarter snail, the last- 
ring clearly the divided steps on each quarter space, 
r snail is mounted on a star wheel, as shown on 
Bd the star wheel is moved by a pin in the quarter 
iier in the loose surprise piece underneath, which 
the position shown in the drawing directly the star 
pved. The surprise then prevents the quarter rack 
\j step of the quarter snail, and consequently no 
! Struck, When the pin in the surprise piece comes 
lie star wheel again, the pressure of the pin on a 
: star wheel causes the surprise piece to retire, so 
proper time the third quarter and half-quarter can 
nit as the star wheel jumps forward the succeeding 
But the surprise. 

laer arbors go through the plate, al\d\.\le.V^,^o.■ca.•«^ 
itberside. The gongs of alee\ wie, fcteA. ^"t ow.^ 
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end to the plate, curl round it and lie between the plate and 
the band ofthe case. 

There is also on the other side of the plate a train of rmmeis 
for regulating the speed of striking. The centres of the wheels 
are indicated by dots on the left hand of the barrel. The last 
pinion is sometimes furnished with a collet to act as a fly, and 
It is usually mounted in an eccentric plug, by means of wUchits 
depth can be increased or made shallower. This is found to be 
sufficient regulation, though latterly an escape wheel and pallets 
have been applied at the end of the train of runners to regulate 
the speed in some repeaters. This is perhaps more scientific 
than making a bad depth, but the pallet staff holes are found 
to wear very much if not jewelled. 

Minute repeaters are a most troublesome and delicate com- 
plication, becured to the quarter snail is a four armed sur- 
prise piece (Fig. 7.) actuated by a click, so that, during the in- 
terval between the completion of each hour and one minute 
past, the rack is kept away from the four armed minute snail 
(Fig. 8). This snail is secured to the set arbor, below the cannon 
pinion. IJach of its arms has a set of 14 steps to give tiie number 
of minutes past each quarter hour. 





Fig. 7. ^^S- ^• 

I^'i ve-niinute repeaters seem likely to grow in favour by reason 
of their simplicity, for they evidently involve but little more 
\y()rk in construction than quarter repeaters, and yet give the 
time more closely than half-quarters. In place of the quarter 
snail there is, on the centre arbor, one with 11 divisions to act 
with a rack having the same number of teeth for giving from 
I to II blows. 

Rusty Gongs give a bad sound. They may be improved by 
polishing, first with a half-round steel polisher, and then finished 
with boxwood polisher on cork. 

Examination. — If the repeating train will not run down when 
the slide is pushed to its farthest, see if the slide moves freely in 
the case ; if the lever moved by the slide is free and not liable 
to jam ; that a particle of dust is not stopping one ofthe small 
wheels ; that none of their pivot holes have become too wide 
and caused a false depth ; that the gathering pallet is free to 
move on or with its arbor. 

The fly pinion is a prolific source of trouble. If its flat shoulder 
;s in contact with a hollow sink it will cut a groove in the sink 



1 in time stick. Sinks for pinion shoulders should always be 
kished with a flat cutter ; if the pinion is a little out of round 
tbadly sized it may stop the train when its depth is altered and 
Vulate the speed ; if it has a weight the weight may foul ; see 
Kt the pinion end shakes and freedom are correct ; that the 
fight is free even when out of upright to alter the depth ; 
Ten to its running, if faster in one position than another it 
|Ucates either weight fouling, bad fitting, a dry hole, or want 
Upright. A weighted pinion may be set upright, and then, 
it runs down too fast, the weight may be made to offer more 
fcistance by forming it like a balance spring collet with flats 
\ the round part. If it run too slowly shorten the weight 
ier than lessen its diameter, for shortening gains freedom, 
_ d you retain the power of forming flats if afterwards it is re- 
Jtired to run slower. 

Kin taking the movement out of the case if the gongs cannot 
" first removed, be careful and not distort them ; do not mix 
e screws ; be sure and not bruise the edge of the case where 
B slide works ; if a new screw has been tapped into the plate 
e that no burr remains ; see that the main wheel of repeating 
'n turns freely on its arbor; that other wheels are secure on 
.r pinions ; that the quarter snail is firm on the cannon pinion 
fcd perfectly flat; that all studs are perfectly upright ; all steady 
Ins secure; no burrs anywhere; no bristle left inatooth, under 
[stud or in any other crevice. Failure may be caused by the 
jainspring beingbad and unadjustable, or binding in the barrel, 
or through oil that has become too thin. The mainspring should 
be fully set up toobtain the most uniform striking that is possible. 
Half-quarter repeaters often fail through thepivot holes of the 
hammer arbors wearing. A tooLh or teeth in these racks may 
be short even when the arbors fit the holes. The rack teeth may 
then be filled up again, carefully trj-ing each tooth of both racks. 
If any one ot the springs fails to take well home the piece it 
drives, do not set it immediately, but first ascertain that all the 
parts in connection with it are well free, clean, oiled where need- 
ful, and without burr. If certain the spring is too weak, set it on, 
imi only just aiough, as oversetting may derange the whole 
motion. For instance, if the half-quarter rack does not fall well 
home and its spring be set on to make it reach the snail properly, 
it is quite likely that the extra drag will be too much for the 
mainspring, and the rack will not be carried back as it should. 
Too much oil is often applied, and very often in the wrong 
places. The studs and acting spring ends are essential places 
tor the smallest portion of oil ; but care should be taken that no 
oil flows between the racks, or between the surprise piece and 
the snail, and none should be given to the case slide. 

The " Astia " Repeating MechaniBin, — Under this title there has 
been recently introduced a new form of in.e,ckam?f\fi.fex ■ajia.-tMw.- 
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x ^ ■>;;.?^i>» \*>.^ch appears to be of a simple and effective 



V •* ^ .". .. • »■ :.c ivitTt' wiih its coiled xaainspring 
^,\\^^. ^-^ ^ ,. >>;v:'.x\i \x~.ih ; there are but one fifone, one 

- ■-- % ■■■• a*.^ ^« ■ ^ ■ • ■ ^ tt 'vSL* *^ % • 

V: , . . i.c :v. . ^:'." *x found in Fig. i, under the bridge 

,. ,\. ^ ^> , . ;:.-vi whc-CiS, j, r', ^^ and the pieced. The 

" : s : . . . .c. c i> ,v.roci:> with the teeth of the hour rack, 

- . ,, s : ,v ;, ;: V V :.i-i: j >\ means of a ratchet and click so 

,: .-, , ,. ■ .. ,'-..i *v.rxviio:i bv itself. 

V: . , . . X V .- .:".c>^. : A-vi 5' has 20 teeth, and is mo\'able 
; '^ . . . ;> .■.v> ,"■* :h rough the ami s^ which passes 

.- ". - s- '■ * ;». '.hi vV»>c. ar.d to start the mechanism is 

: .^ ** \'x ; , V. . / :ht arrow. The spring/, held by 

, :.s ^- \ »» ' .' \s>v^ /.c- '.::>: :he projection j* of the hour rack, 
,,. ,, V, ,. \\^ ; :v.ok TV.t rack by its teeth moves the pallet 
. . ^^:. ,■: ^ .:, .v.-.v.i'Ci:. :: \\'i;h the hammer a, as well as 

;; s" s ' • ■ ^ ' ' ■■ ■ ■ • s * r«: v. . On th e hour rack is a lever 6 (Fig. 

^ . >x :. c,. /..;v :\>v v;;r./. >.. '.e> ,^ , r, and the screw hole ^. By 
;/.. ... .s ,• ;:.. .vw. > r,::c\\ :o its pivot, the head of the screw 

. :;■-. ^x'.\\\ . wV.c":; ;> r.xcvl f.rn:ly in the hour rack passes 
; V. : ■. ' , V, ■; •. ; ■; u V , '. v .• . n\ V. ; V. a" '. o ws o 1 a little movement. The 
•.v..^\ s .....-.; . , ; ;■.. ',x w: v^v. :hc rack will be distinguished in Fig. 

N w ; '. V . \ ; V. c ^ s oc V. ,; •JX^s: : i o:: : s in dicated bj' dotted lines. In 
;;.. ;^^.s ." .-. --c-.x^x .: .> v.xoc,, :"oraiing a pivot for the clicks, 
\\;-,-,cV. :•.,,'' .. ;..\ 'v .: ,-.: s^v.c c::d and a spring </^ at the other. As 
:';*.v' •. /.sVv -^ c,,-. ..x\. -.v.-.-. ,; >> r.;ov:ug the arm r in the direction 
v^: ',V.i ,,. . .n\ . ;■ .V -.v -.•..: /■ c." ;hc lever is pressed against the hour 

: : "-.c >crc\v r presses against the click, 
.;::c: v.\ck, which is pushed home to its 
. ,.c; ■.:.:; .^gainst the pin z^. The quarter 
i.\ck v/.v^vv^ .^v. .; :^-.\o: ; ::: :hc s.inie plane as the click d. This 
n:ck ■;./.> :V.*.v\ :\-.;:> v^:' :cc:h, as showii in Fig. 2. Until the 
q;i.i::c: :..ck .> p;:>*:uv; .»>:c.c :he cur\'ed end z-* presses against 
ill c > : r : k •. : *. c ;^ .» * '. c : ,\ : . - . 

The :Mr»i::ic: .; v^'-^- "• •»'''^"« v^^ is under the plate, moves round 
its axis .. \ av.d is :;:n:i>'::cc. w::h two long pins, a- and a*, pro- 
jecting through the curvcc. passage :* of the plate. The counter 
spring A' by acting on the pm <r regulates the loudness of the 

striking. 

The pallet pivotted to the plate by means of the screw r puts 
the hammer in motion by the linger t"^, which presses against 
the hammer through the pin a'^ ; the other end of the pallet 
engages with the teeth of the hour rack, by which it is actuated, 
one blow Ijeing given for every tooth, till the last tooth of the 
hour rack has passed the pallet. The striking of the hour is 
then completed, but the hour rack continues its motion and the 







pin K presses the quarter rack back, so that as each pair of its 
teeth passes the pallet, two blows in quick succession are given, 
the hammer not being lifted so far as for the hours, the sound 
of the quarters is unmistakably different. The spring e' ensures 
the return of the pallet to the position of repose as in Fig. i. 

Bepeating: 'B.a(i'k..—\_Jiocket des hmres. — Repelirrechai\.— 
A rack in a repeating watch which is shifted one tootti. fe.\ •sarfo. 
blow that is struck. 
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Bepeating Slide.— [Ttrage de r^iition. — Der /^efiditm 
schieberJ] — The slide on the band of a repeating^ watch caseihit 
is moved round to set the repeating work in motion. 

Resilient Escapement. — {^Echappement resiiienL—K^i' 
^iebigc Prellung {AnRcrgang)^^ — A form of the lever escapemeDt, 
m which, when the impulse pin presses on the outsiae of tk 
lever, it yields and allows the pin to pass. (See Lever Eaclp^ 
ment.) 

Reversed Fusee. Left-handed Fusee. — A vildi 
movement arranged so that the pull of the chain takes plaotp 
the same side of the centre of the fusee as the force is 




Fig. I. 



Fig. 2. 



cated to the centre pinion, whereby the friction on the fusee 
pivots is lessened. Fig. i shows the parts planted in the usual 
way, and Fig. 2 the reversed fusee. I must confess that the 
titles for this arrangement are singularly unfortunate, as the 
fusee is neither reversed nor left-handed. The hooking in of 
the mainspring is reversed, and the barrel pulls from the other 
side of the same fusee. (See Stopwork.) 

Ridged-back File. — A file, the cross section of which is a 
very flat triangle, whereof the base forms the cutting surface. 

Riveting Stake. — \^OutU aux trous, — Das NietsidckchenJy- 
A cube of steel having a polished face, and pierced with a senes 

of ditferent-sizedholesfor 
the reception of arbors, so 
that the pinion or coUetto 
be riveted finds a resting 
Fig. I. place round the edge of 

a hole of suitable size(Fig. i). A jointed stakemade in halves and 
hinged at one end, so that it may be opened to admit an enlarged 
part and then closed round the arbor, is handy in some cases 
Boley has provided a bolster for riveting stakes together with 
interchangeable stakes of steel and brass of the form shown in 
the figure. The ability to at once substitute a brass for a steel 
stake, or vice versa, is a convenience. 

The ** Staking " or Biveting Tool, Pig. 2, has a shifting table or 





D that any particular hole may be brought exactly under a suit- 
ahlepunch movinginaverti- 
cal guide. Punches forevery 
operation in the ordiuary run 
of watch repai rs are provided, 
and there are a number of 
small stumpsor stakes which 
fit intothe largest hole in the 
table. These are adapted for 
riveting stoppings into sinks 
in watch plates and other 
purposes. One great advan- 
tageofthis tool is that adirect 
action of the punch is en- 
, sured, sothatirregularrivet- 
;; ing and accidents arising 
from an awkward blow in 
■ theordinarywayareavoided. 
A somewhat similar tool to 
that shovjvi m ?\?,- i Ss> 
used ior cVosvn^ VtJiss '\tv.^ 





vntch plateii. Ki^. 3 i& a good exampleof this tindbvBotef. 
'Therearenobnle.'vin the table, and the pDDches are cnppcdsoa ' 
stretch the material of the watch plate towards the hole. Tit 
lUiicheH are formed with a pump centre, to eusore thar acta( 
>oncctitrically round ttie hole m the plate, as shcnm in the 
lllUrged flection. Kig4 is a pedestal stand and an assortment of 
rivetingstakes. 
With this use- 
fill colIectxNits 
supplied an a- 
genious ihin- 
t>Ie for holding 
a panch or 
other tool by 
means of the 
forefinger. 
This leaves the 
rest of the left 
band free to 
snpport the 
worfc. and SO 
enables the op- 
erator to drive 
a minute hand 
and accomplish 
many other 
operations 
rllirin;, Thimble, Stand, and Stakes. single- hauded, 
I Rnd more c.'isily limn he could do otherwise. 

Rooking Bar. '^Q\sj&.-~'yPlaieformebcr§ante.-^Diebai'egUckt 
\PI<\lloiiii. I A v!irii;t>- of keyless mechanism. The steel bar 
I'Which ciiirifs the intermediate wheels in going-barrel keyless 
llfcliiiiiisin. (Sec Keyless.) 
Roller Remover.— More than one special tool has been 
rintr<"lncc(l for removing a 
roller from n lever balance 
Btaff by drawing it forward 
with a screw. Such a method 
of procedure is not without 
"■"iHgerto the staff in the case 
' a tight roller, and a roller 
ay always be more easily 
ana safely removed by impact than pressure. Mr. Plose re- 
commends asteeltable haviuga taper slit, and made sufficiently 
thin round the slit to clear the collet as a bed for the roller, as 
shown in the sketch. With the roller resting on this table, the 
"maybesafely driven out by means of a hollow punch as '" 
led under the head of " Staff ■PuucV." 
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Rose Cutter-— [Tasseajt /raise a trou. — Die HohlfrHse.'] — 

us adjunct to a lathe, which is fixed to the spindle in the 

; a chuck, is exceedingly useful for quickly 

[ncing pieces of wire for screws, &c., to a gauge. For screws, 

; wire would be of a proper size for the screw heads, 

1 a cutter selected with a hole the size of the finished screw. 

e point of the wire is rounded to enter the hole of the cutter 

pinst which it is forced by the back centre of the lathe, the 

rated face of the cutter rapidly cutting away the superfluous 

metal, the part intended for the screw passes into 

\ the hole in the cutter. Some care is required in 

rounding the point of the wire, for if not done 

equally all round, the screw will not be true with 

I head. In cases where all the wheels of a watch have too 

■ch end shake, a rose cutter maybe used to all the pillars in 

Ecession to reduce their height. 

^OUge.— See Red Stuff. 

^ttouge Leather. — [Peau chargee de rouge.— Waschleder mil 
Mth.'\ — A chamois leather permeated with rouge. 
Kfiound Broach.— [^/«(wV. — Die Gtiitlalile.~\ — See Broach, 
Bounding-up Tool. — [Machine & arrondir. — Die Wdlz- 
viasclnne.~\ — An engine for slightly reducing the size of watch 
wheels. This ingenious tool, which is shown in the figure, is 
one of the most useful to watch jobbers. By its aid, a wheel 
may be almost instantly reduced in diameter ; corrected if out 
of round, or have the form of its teeth altered as may be re- 
quired. 

The cutters are serrated, and for a little over half a circle 
concentric in form ; they terminate in a screw -shaped, adjust- 
able guide, which conducts each space in succession to the 
action of the cutter. While one end of the guide meets the 
cutter, the other angles a little, so that instead of meeting the 
other extremity of the cutter when the circle is completed, it 
leaves a space equal to the pitch of the wheel to be cut. By 
this means, after the cutter has operated on a space, the wheel 
is led forward one tooth by the time the cutter arbor has com- 
pleted its revolution. 

Some little practice is required to select exactly the cutter 
required. Care must be taken not to use one too thick, or the 
teeth will of course he made too thin, and the wheel probably 
bent. When the guide is adjusted to the pitch, it will be well 
to see that it enters the space properly before rotating the tool 
quickly. The wheel should be fixed firmly, but not too tight 
between the centres, which should rest well on the shoulders 
of the pinion. The rest piece for the wheel should be as large 
as possible to keep the wheel from bending, to give it firmness, 

Sid to ensure a clean cut. 
The slide which carries the cutter is ^fenet^.VL'j a.ft.\Ni=,\.e.&.\s^ 
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■the eye. This is unsatisfactorj', and occasionally results! 
yrroT, even with experienced workmen, for. owing to the per 
lion of the top runner. It is difficult to get a good view oil 
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cutter and ll t ork and as the cutters are often more or less 
out of flat tl e r action can only be guessed at Mr Edward 
W. Webb has devised the registenng arrangement shown in 
Fig. 2, which is a plan of the lower slide and part of the table 
in front of the cutter. To the table is fixed a small, circular 
scale. A correspondingvemieriscarriedat oneendofa lever, 
which works in jewelled holes, and is accurately fitted. There 
■1 is a spindle projecting from the end of the 
' dovetail canying the cutter, which spindle 
bears against the other end of the lever, 
and there is on the lever staff a balance 
spring, the 
outer enil of 
which is 
pinned to 
the bridge. 
This spring 
keeps the 
lever always 
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Hfeontact with tbe spindle projecting from the dovetail. All 
fhat is needed nowis to note the position of the vemierwhen 
2ach one of the cutters is adjusted for certain work, to be sure 
of being always able to adjust ' it again in the same place, and 
of obtaining the same result. This will be found especially of 
value in fixing cutters for cutting one side of the teeth of 
"Wheels, and for altering the form of the teeth. 

Recently a larger rounding tool suitable for clock and tele- 
graph instrument wheels has been introduced. 

B-uby Pin..— [C^«7V/i- de plaimu.—Der Nebeslei7i.'\-~T\is 
impulse pin in a lever escapement. 

Ruby 'BmOxit .—[^Roiileaii en mbis. — Die Duplcxrolle.'] — The 
roller in a duplex escapement against which the teeth of the 
escape wheel are locked. 

Run. — {^Chemin perdu. — Dcr lodle Weg des Ankers nach dem 
Impulse.'\~-\-a a lever escapement, the movement of the lever 
towards the banking pins, after the wheel has " dropped " on 
to the locking, cau.sed by the inclination of the escape wheel 
teeth and the locking faces of the pallets. (See Draw,) 

Runners. — [^Les broches. — Die Spitsen (Drehstuhl}^—{i) 
The ro;ind pieces of steel or brass in a pair of turns by which 
the wo.k is supported. 

(2) A small train of wheels used in repeating watches to 
regulate the speed of striking. 

^) An idle wheel is also sometimes called a runner. 

%^xnt.—{_Rotiilk.—D€r Rosl.'\ 

To Keep Steel Articles from SuBting. — Cover them with 
powdered quicklime. If they must be exposed, place near them 
a small open vessel containing chloride of calcium. Immerse 
rusted steel articles for a few minutes in a strong solution of 
cyanide of potassium, and they will clean much easier. 

Steel or iron that has been immersed in caustic soda will 
resist rust for a long time. 

Spots of rust on chronometer springs and other steel pieces 
are generally rubbed with a piece of brass, but Mr. Kullberg 
tells me the best plan after cleaning the spots is to apply a 
little spirits of ammonia to them. 

Safe Edged File — [iiVnc a bord non iailU.—Frite ohne 
Seiteiihicb.'] — A file with a smooth edge. 

Safety Pin.— See Guard Pin. 

Safety Pinion. — In a going barrel watch a centre pinion 
which allows the barrel to recoil when the mainspring breaks. 
The Waltham Watch Company screw the pinion head on to 
the arbor, and backward pressure then causes the pinion head 
to rotate on the screw. Mr. Alex. Edwards has a thin ratchet 
fi.xed to the centre pinion, the click for which is pivoted on the 
centre wheel. The centre wheel being loose on the arbor, the 
pinion and barrel are free to move backwards.. 
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V Savmse, Oeoree.— A watchmaker who, in tlie early pw 1 
of this ccntun-, did much to perfect the lever escape njcni if I 
gwxi work and nice proportion, besides in\"enthig the nro-jo I 
\'aricty. He ^nt the -~ 

early part of his life in 
Clerkenwell. bnt in his 
old days emigrated to 
Canada, and founded a 
flourishing retail busi- 

Hftei!! in Montreal, where 

^Ee died. 

^^ Bcorper.— A kind of 

■^^Itraver used for stiuaring 
the corners of sinks, 
easing watch bezeU, and ' 
Kther purposes. 

Screw. — [ t'is. — DU 
S(hraube.'\ — The sub- 
joined engravinK repre- 
sents a gauge issued with 
the " Progress" raetrica! | 
»y»ti;ni of screws adapt- 
ed for small mechanism. 
The notches at the 

» right-hand edge are for 
Biea.>4uring the thickness 
bf the head. The series 
of holes consisting of 
three rows coming next, 
are for the diameter of the 
head: the second series 

»for the size of the body or 
icrewed part; and the 
•hort lines risingin steps ' 
from the left-hand edge 
arc for gauging the 
length of the body. It 
will be understood that 
thin last measurement is 
obtained by placing the 
under side of the head 
againitt the edge of the 
plnlc, and nnmirig the 
(tcrew along until its 
point coincides with one 
of the lines. All the 
^ numbers ou the gauge 
Hjciireseut tenths of milli- 
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■Mres, one-tentli of a millimetre being accepted as the unit, ^1 
•^r instance, the first of the notches, marked 5, is five- tenths of ^M 
~ millimetre in width ; the first hole in the second row, marked ^M 
! I, is twenty- one -tenths of a millimetre in diameter; and the ^M 
Qst short line, marked 100, is loo-tenths of a millimetre from 
Jie bottom edge of the gauge. These screws are to he had either 
Srey or polished, and finished taps for the complete range of 
Screws are also supplied, so that old holes may be readily 
threaded to suit the screws. ^M 

To Extract Broken Wateh Screwa. — Make a cramp like ^M 
the drawing below, large enough to reach across a watch ^| 
plate, very strong just at the how. so as to stand any screwing up ^| 
without springing. Provide two-or three sets of steel screws with 
different-sized ArtrrfCTifrf points. Tonse 
it. tighten that screw of the cramp 
which is against the j>iim^ of thebroken 
screw: and when you have firm grip 
turn the whole tool round, and the 
broken screw will invariably he drawn 
out. 

Other Methods.— The cramp 
would be of no avail if the screw hole is 
drilled only partly through the plate. 
In such a case slightly warm the plate 

and well cover it with beeswax. Be careful not to let the wax 
touch the broken screw ; then make a solution of oil of vitrol — 
I part of oil of vitrol and 4 of water. Let it stand until quite 
cold, then put the plate in, and in a few hours the acid will 
dissolve the screw. The wax may be removed by wanning it 
in olive oil. and washing it in hot soap and water. 

To avoid the trouble of coating the plate with beeswax, many 
watchmakers prefer to boil it for a few hours in a strong solu- 
tion of alum, which will be found to loo.sen the screw, and not 
affect the plate. 

A Screw Rusted in may he loosened by placing the flat ex- 
tremity of a red-hot stick of iron on it for two or three minutes. 
When the screw is heated, it will be found to turn quite easily. 
Screw AxhOT.— [ArSre-h-vis.—Der Ntike nre/isii/i.l—Atool 
used for readily fixing a wheel concentrically in order to turn it. 
Fixed to an arbor having centres in a shoulder or disc, against 
^1 n which the wheel is pressed to keep it 

m J flat, and on a reduced part of the arbor 

^■■^^S^H^^^ 3 sliding cone moves. The cone enters 
WM ■ the hole in the wheel to be operated on, 

'' * and is kept in position by a nut. Screw 

arbors may, of course, be used without the cone, the object to 
be turned being simply gripped between the shoulder and fbLt 
nut. A ferrule is fixed to the arbor so ttia\. '\\. laa-j tie, tQ\aM ' 
with a bow or otherwise. 
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Mr. Plose states that by turning another cone on the back end 
of the conical bush and forminga correspond- 
ing recess in the nut as shown in the en- 
larged sketch, the object to be turned will be 
secured more truly concentric than would 
otherwise be the case. 

Screw Driver. — IToume-vts, — Der 
Schraubejizieher,^ — A screw driver for watchmakers' use should 
be as light as possible consistent with strength, properly propor- 
tioned to the work, with well-polished point of a width nearly 
equal to the diameter of the screw heads to be operated upon, 
and of a thickness to fit the slits with only suflBcient taper to 
secure it from breaking. A tool with a blunt taper will ruiij the 
best of screws. Screw drivers made from pinion wire collect 
dust in the ridges, and are therefore objectionable. A better 
form is readily made from square steel twisted while hot. 

A kind of double screw driver, useful for turning the timing 
7iuts of a compensation balance, may be made from a spare 
pinion gauge by dressing the points to the required shape. 

Screw Ferrule. — {Cuivrot a vis, — Die SchraubenrolieJ}- 
See Ferrule. 

Screw Head Tool.— \_Outil atix tetes de vis, — Die Schrauh- 
cnpolimiaschi7ie.'\ — A tool in which screws are rotated while their 
heads are being polished. (See polishing.) 

Screw 'Y[sX^^—\_Filthreauxyis, — Das Schneideisen,'] — ^A plate 
of steel in which holes are drilled of sizes varying by regular 
gradations. In each hole a thread is formed by means of a tap, 
and the plate is then hardened and tempered. 
In use a piece of steel, softer than the plate 
and of a proper size, is passed through one 
of the holes by carefully turning the plate round and round. A 
thread corresponding to the one in the hole is thus produced on 
the steel, partly by cutting and partly by squeezing the softer 
metal. The larger-sized holes are slit to give a cutting edge to 
the thread in the plate. 

To Make a Left-Handed Screw Plate. — Screw a piece of steel of 
the desired size in an ordinary right-handed screw 
plate. Then file it away to a feather-edge, something 
the shape of the shaded part in the sketch annexed, 
and harden it A good left-handed screw plate may 
now be^cut with the tap thus made if it is turned the reverse or 
left-handed way. 

"^ Screw Tap. — \Taraud, — Der Schneidbohrer,'] — A tool used 
to produce a screw thread in holes. Taps for watchmakers' use 
are made by running a piece of steel through a screw plate. 
Longitudinal slits are then filed through the screw, in order to 
give a cutting edge (unless the tap is very small), and the piece 
q{ st^el hardened and tempeted, b^^^om^s a tap. Very small 
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IHsps are filed square or three-sided, after the thread is formed 

^4n order to give a cutting edge. The upper part of a tap is 

generally larger than the screw part, and in turning the tap care 

should be taken to make a long curve between the two, for if a 

square shoulder is turned there the tap is verj' likely to break 

Seat Board. — {^Support de mouvemm(.~Das Postammt.—ln 
a long case clock, the shelf that supports the movement. 

SecOTi.Aa'H.'0i.lxA..—'iAigiiiUedesecondes. — Def Secundenzeiger.'\ 
— The small hand that goes round once in a minute on the dial 
of a watch or clock. 
- Seconds Pivot. — \Pivois de secondes.—Secundenzapfen^ — 
Theprolongationof the fourth wheel arbor to which theseconds 
hand of a watch is fixed. 

Secret Springs. — Ressotis secrets. — Die Gehdusefedem.'\ — 
The fly and lock springs of a watch case. fSee Case Springs.) 

Sector.- — \Compas de proportion. — Der Proportionssirkel.] — 
A proportional gauge consisting of two limbs joined together at 
one end ; used principally for sizing wheels and pinions. This 
invaluable and simple tool appears to be but rarely understood. 
The measuring of wheels and pinions by its means is but one 
of its many uses. The sector is really a proportional measuring 
gauge, suited for nearly all requirements of the watch and clock 

Constmctiott of the Sector.— The length of the sector is quite 
unimportant : it may be made of any size considered to be most 
convenient for handling. It consists of two brass limbs care- 
fully jointed at one end so that the centre of the joint pin is in a 
line with the inner faces of the limbs. The inner edges should 
be perfectly true and parallel. By means of a brass arc and 
thumb-nut at the other end of the sector, the limbs may be fixed 
in any desired position. The following are the dimensions of 
one of Jump's sectors :— 

Length of limba 16-5 inches. 

Do. do. from centre of motion . i5-i25 

Width of each limh '8 

Length of slot in arc 4-625 

Width of slot 0T5 

Thickness of limbs 
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Thickness of cover plates for joints. 
Thickness of ar* 



Diameterof steel joint pin . . . . o'l 
In order to get the joint pin in a line with the faces of the limbs, 
a knuckle projects beyond the face of the right-hand or moving 
limb, and a corresponding piece is cut out of the left-hand or 
fixed limb. The cover plates for joints are strongly riveted to 
the fixed limb. 

To Divide the Sector. — The first mark (izo) having been made 
somewhere near the top of the limbs, th.^ dVs^au^i^vVe.Vflt'CTi.. '<;«'?. 
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mark and the centre of the joint pin is di^-ided into six equal 
parts, marked loo, 80, 60, 40, and 20, the last or zero is, of 
course, the centre of the joint 
pin. Thepartfromzero tojois 
devoted to thesizingof pinions, 
] and the division of it will be 
' referred to presently. Each of 
the other five divisions isdivi- 
ded into 2oequal parts as shown. 
at every fifth part a longer 
stroke is made, and at ever)' 
tenth part a number, so that 
these points may be easily re- 
cognized. The numbers are 
placed on the fixed limb and 
m ay be repeated on the movable 
limb, or represented byadotas 
shown. The limbs should be 
opened po that the distance be- 
tween them at the 100 mark is 
exactly ore inch, and a line 
drawn across the arc coinci- 
dent with the inner face of the 
movable limb. This line is 
marked i inch. The limbs 
are then closed till the space 
between them at the 100 mark 
is half-an-inch, and another 
line drawn across the arc in a 
similar way. The process is 
repeated at '25 and -125 of an 
inch. If larger measurements 
than an inch are to be taken, 
other datum lines can bedrawn 
across thearc as may bedesired- 
For the sizing of pinions, the 
edges of the limbs up to the 
Figure 20 are chamfered away 
to give a thinner edge. The 
6 mark, instead of bemg fo of 
the whole distance between 
zero and 20, is placed /> 
higher, then from 6 to 8 is 
a'„ ol the whole distance be- 
tween zero and 20 ; 8 to 10, 10 I 
The Sector or Proportional Gauge, to 12, 14 to 16, and 16 tO 18, j 
the same. The 7 mark is not midway between 6 and 8, but I 
is placed ^o oi the distance \)eX."N«^u 6 Mid 8, nearer to 6 I 




attiese are Jump's proportions, and they are pretty generally 
3-dopted. Some few consider tlie pinions shonld be larger, 
and therefore place the 6 mark higher than Jump. After all, 
"fce proper si/e of pinions depends upon the shape of the 
■denda. (See article on Wheels and Pinions). 
T'he sector would certainly be much handier, especially 
■ taking very small measurements, and for obtaining the 
;ch diameters of pinions when the centres and numbers only 
t a wheel and pinion are known, if the limbs were divided 
Dually all through. There does not seem to be any difficulty 
Tt doing so if the marks referring to the sizing of pinions 
Sere taken right across the limbs and the figures relating 
fcereto placed on the outer edge. 
I Vne of the Sector. — If the movable limb of the sector is fixed 
I the one inch line on the arc, the distance between the limbs 
I the 100 mark measures one inch ; at the 90 mark, '9 inch ; 
I the 80 mark, '8 inch, and so on downwards till the 20 mark 
■ reached, when tlie distance is '2 inch. But it may be desired 
1 measure something smaller than -2 inch. Then the limbs 
E set at the half-inch or one of the other datum lines on the 
z. If at the half-inch line the 90 mark would show '45 ; the 
j mark, -4 ; the 70 mark, '35 ; the 60 mark, -3, and so on. If 
Re limbs are set at the -25 line the 90 mark would show '225 ; 
"o mark, '2 ; the 70 mark, -175 ; the 60 mark, '15 ; the 50 
, ■125 and so on. In each ease the distance between one 
lark and thte next is ^^ of the distance between one of the 
Kgiires and the next, so that whatever datum is selected it is 
ipvided decimally. For instance, it may be convenient to take 
ihe measurements in millimetres; it is only necessary to .set 
lie limbs so that the distance between them at the 100 mark is, 
,y, 10 millimetres, and draw a line across the arc so that the 
Bbs may be fixed at the same spot on another occasion. 
In the foregoing examples the sector takes the place of the 
Tdinary shde gauge or other measuring tool. It is especially 
peful as a proportional measurer. For instance, in the article 
li Mainsprings, it is stated that taking the diameter of the 
bide of a barrel as 100, then with the mainspring in, the un- 
cupied part of the barrel should show a diameter of 74, and 
.e barrel arbor 33. Set the limbs so that the 100 mark cor- 
bponds to the inner diameter of the barrel, and the 74 mark 
lows the size of the spring, and the 33 mark the size of the 
^rbor. 

For Sizing Wheels and Pinions, — Suppose a pinion of 8 is 
required for a wheel of 75 teeth ; the wheel is placed between 
the limbs at the 75 mark, and the proper size for the pinion is 
then the distance between the limbs at the 8 mark. Of course, 
if the pinion is in hand and the size of wheel is required, the 
operation is reversed ; the pinion is placed, \)eX,'«ce.\i^tN.v'Ki^». 
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at tlie 8 mark, and the distance between the limbs at the 75 
mark fjives the size of the wheel. 

The numbers of a wheel and pinion and their distance aioit 
from centre to centre being given, their respective ]Htcbdii- 
meters may be obtained by means of the sector, provided itb 
e(iunlly divided all through as recommeDded in a precedieg 
imragrnph. Suppose a wheel of 60 and a pinion of 8 uc 
to ]k planted 75 apart ; open the sector so that at & 
(which is the sum of the wheel and pinion teeth) tin 
width between the limbs is double the distance of 
oft-entres — that is, I'sinch. Then the width between the limbs 
at 'ki will ri-prcseut the pitch diameterof thewheel, andat Stht 
|)itt'luliiunctcrof the pinion. The mlldiameters maybe obtained 
riy means of the tables ^ven under the head of " Wheels and 
I'inions," Or the full diameters may be obtained at one opera- 
tion instead of the pitch diameters by adding 3 to the nnmoerof 
the wheel teeth and 125 to the pinion, if it have circular, on if 
epicycloidal addenda. Say it is a circularly rounded pinion, the 
sect<»r wtnild then be opened so that at 72'25 the width was i"S 
inch, and the width at 63 would represent the fiill diameterof 
the wheel, and the width at 9-25 the full diameter of the pinion. 

Self-Centring Chuck. — [Tasseau centrant de soi-uKme.— 
Pas (htiversal/utter.'\ — A chuck that can be made to close con- 
ceiilri cully cm the work to be gripped. (See Lathe.) 

Self- Winding. — \^Se retnontant de soi-meme.— Selbstaufzie- 
hend. | — A walcli or clock fitted with apparatus for winding it 
lUitiirnalically. 

Imk- ' shiiws an arrangement of mechanism by M. I,ebet for 

r'S WlNDINO WOKK. 




mading a watch by the action of dosing the hunting conr. 
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s a short gold arm projecting beyond the joint. This arm- 
rannected by means oi a double link to a lever, one end of 
's pivoted to the plate. To the free end of this lever is 
bted a scythe-shaped rack, which works into a wheel with 
fchet-shaped teeth on thebarrelarbor. A weak spring fastened 
iie lever serves to keep the rack in contact with the wheel 
ii. Instead of the ordinary fly spring there is a spring fixed 
ithe plate and attached by means of a short chain to the lever. 

I this spring pulls the cover open, the teeth of the rack slip 
fer the teeth of the wheel on the barrel arbor. Each time the 
torer closes the cover, the watch is partly wound. By closing 
B case eight or nine times the winding is completed. The 
iliiiary method of hooking in the mainspring would be clearly 
feuitable with this winding work, because after the watch was 
By wound the case could not be closed. M. Lebet places inside 
% barrel a piece of mainspring a little more than a complete 

II with the ends overlapping, and to this piece the mainspring 
pk is riveted. The adhesion of the loose turn of mainspring 

Junst the side of the barrel is sufficient to drive the watch, but 

■en the hunting cover is closed after the watch is wound, the 

Bra strain causes the mainspring to slip round in the barrel. 

jThe method of winding just described cau be applied only to 

Bunting watch. Fig. 2 represents an invention of Herr von 

lehr, in which the motion of the wearer's body is utilized in 

jiadiug. There is a weighted lever (g) pivoted at one end, and 

jpt in its normal position against the upper of two banking 

Es by a long curved spring so weak that the ordinary motion 

[the wearer's body causes the lever to continually oscillate 

Ttween the banking pins. Pivoted to the same centre as the 

Jighted lever is a i-atchet wheel with very fine teeth, and fixed 

ftbe lever is a pawl (a) which engages with the ratchet wheel. 

Bus pawl is made elastic, so as to yield to undue strain caused 

Fthe endeavour of the lever to vibrate after the watch is wound. 

fis the barrel arbor, and the connection between it aud the 

Uchet wheel is made by a train of wheels as shown, i is a 

. second pawl to prevent the return of the ratchet wheel. For 

setting hands there is a disc (b) which has a milled surface 

slightly cupped to suit the point of a iinger. 

Clocks with a kind of windmill wheel attached for winding by 
means of a current of air, the invention of Mr, Dardeunewereto 
beseen in London afewyears ago. Pond's motor, described under 
"Electric Clocks "also comes within thecategory of self-winding. 
&orstmaim'i Self-winding Clock. — In this ingenious arrange- 
ment, invented by the late Gnstave Horstmann, the expansion 
and contraction of a liquid are used to wind the clock, 

A strong metal vessel a in the figure, is filled with an easily 
expanding fluid, such as benzoliue, mineral naphta, &c. Con- 
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■, . . -r-, ,. ,,;™ iiucttd to this vessel by a Strong tnbM 
i'^'^'....'.i£/M^£\ ^'*-'''y small bore are a cylinder aad | 
'^.i^ II and c. Owing to the fact that mo 

jiaiiding fluids are incapable of driviiji I 
])istoii, being too volatile and thin. ^ 1 
cylinder and tube are charged with ath;36 I 
and more oi a lubricating fluid, such* ] 
Klyccriiit. The vessel containing the a- 
[liiiiding fluid in on a higher elevationibaa I 
iIk- i)iston and cylinder. This is donts 1 
ixvvcnt tliem mixing, as benzottne is Ugcx \ 
than glycerine, and, therefore, rises to lit I 
Ki]). It is easy now to see how that when 

flA) J the- temperature rises, the expanding liquid I 

X will force the piston upward, and, by means 

of a slight counteiforce, the piston will M 
I on the temperature lowering. 

The piston terminates in a cross-bar, to 
cucli end of which is attached a steel ribbon 
like a wide watch mainspring. These tw) 
bands are brought down over pulleys at D, 
fixi'd on uach side of the cylinder, and then 
carried direct to the winding mechanism, E, 
kI the ilmk, which is iillllxi,-don the back of the case and inde- 
l>»'iiiliiil 111 Ihf ninvcnii'tit. The two bands join into onealittle 
lii-li'ir tlirv UMi'li till- winding. A large pulley, E, is fitted on 
a slml at llir liark nf llK-i-asc, and isdrivcn by means of a ratchet 
ami 1-1 1, k. The ]nilk'y i'l lias a flat groove, and is studded will) 
hlmrt |ini'., ( )vi>i tln'si- nnis a steel ribbon to drive the pullej' 
I. wliiih :Hiiiaivs tin- liiiiids and escapement. 

Sot-Hiiiida Arbor. | ( hr.'illol.—Dic Zeigerwelle.'\—Ta.t 
111 111 Ji ill a tlin'v ijh^iiUt plate key-winding watch by which the 
lianils au' s.l, 

Sot-HlWldsDial. - [ C 'mlnm indkatcur.—Daslndicatiomziffa- 
/•liitl. I A Mn;i|l dial attached lathe movement of a turretclockfor 
tlnMiiii\i-iiicin>i> 111 1)1 isLTvinj; the lime when regulating the clock. 
Set-HnndB Square. [Ciirn' dc rapport. — J}as Zeigervier- 
a/c. \- Tlu- Mjviaiv iii kcv-wnuling watches by means oi which 
tlie hands aiT svt tii time. 

Sextant.--| S,\\laiil.—/hr .S,rAsU-/Jtrds.)—This, the angle- 
meterol maiiniTs, is used in conjunction with the chronometer 
lor ascertaiiiiiij; the loLigiiude.of a.ship at sea. Its construction 
may lie explained with llie aid of the subjoined Fig. i. At i isa 
mirror piviited into tlicframeoftheinstrument,butattachedtoan 
index arm which is iVce to travel round a brass graduated arc on 
the frame at k. On the frame at II Is the horizon glass, the half of 
which next to the frame is a mirror, and the other part clearglass. 
if a ray of light from the suu or other object at s impinges ott 



I mirror i, it will be reflected 




Fig. I. Fig. 2. 

fl telescope. On looking through the telescope at T, the hori- 

tt h may be viewed through the clear part of the horuon glass 

Idirect vision, aud the index arm may be moved round till the 

Hected image from the mirroricoineides with thehorizon. The 

KleNbetween the mirrori and the horizon glassH will then be 

Uf thean^le so k. The arc r though really but 60'' of a circle 

divided into 120°, so that the reading correctly denotes the 

h. When the index arm points to zero, z, the faces of the 

■rror and horizon glass are parallel. For the engraving of the 

[shed instrument (Fig. 2), I am indebted to Mr. John Short. 

Vhen u.sing the sextant to ascertain the longitude by obaerva- 

n of the sun, the most usual plan is to take the sun's altitude 

is near the east or west point, andhas an altitude exceed- 

V S° or 10°. and to compute the apparent time at the ship from 

Jftt altitude ; the application of tlie equation of time, corrected 

Br the Greenwich date, gives mean time at the ship ; while 

mean time at Greenwich is obtained from the chronometer. 

(See Marine Chronometer,) 

Shaping:. Sinking. — \_Fortner. Noyer. — Gestaltm. Sen- 
kircn^ — A kindofdrillingtool, shown in I'lg. I, carrj-inga milling 
cutter in the vertical .spindle, is useful for shaping, cutting sinks 
inplatesanddies.and a variety of similarworkoften accomplished 
byhandcuttingandfilingat ten times the cost. There is a double 
action slide for moving the work, which is fixed to the circular 
table, and the table also turns on its centre, so that curves of any 
size within the limits of its radius may be cut. Fig. z is an adjunct 
to the American lathes for doing the same kind of work. 

Coutouring.— Fig. 3 is a shaping machine in which a circular 
cutter is used for milling outlines similar to a pattern. The pat- 
tern is fixed to the table so that a plain hardened rubber in the 
dumb spindle on the left hand bears against it. The article 
to be contoured is fixed under the live spitidle on ttie.'d'feVX.'Qa.'j.i- 




^ainst the edge of the pattern as he feeds it long. The paricni 
being fixed to the table, and the rubber brought to bear on its 
edge, the path taken by the edge of the cutter will indicate the 
position for fixing the work to be operated upon. Whatever 
radius of cutter is u.sed, the rubber must be of exactly the same 
radius in order to obtain an exact reproduction. 

Ship*8 Timepiece.— [/*(?" f/w/e de navhe. — Sckiffsuhr,'] — A 
" dial timepiece controlled by a balance. A pendulum would 
Bgearly not vibrate correctly if subjected to the motion of a 
^Hlip. A ship's timepiece has usually a lever escapement. 
^Hehuttin^ Oflf. — [^De'grenage en fermant la boitc. — Dm Auf- 
^^^thap^afat ausscr Action seiseti.'] — A term used to describe the 
^^BCration of throwing the winding wheels out of action by the 
^^m o/ cioiiiug either the ■hunting tovM q\ \.\v«, outer bottom of 



the case of a fusee watch. The most usual device siliA' 



piece with a bevelled projection above the seat of t 
which acts on it as on a case spring. 

Sidereal Tinie.—[//eur€ sideralc^Die Siemzef£j^ 
standard used by astronomers. The sidereal day is thepcM 
occupied by the earth in making one rotation. (See Tmt) 

Silver.— [^r^^fw/. — Das Silber.'] — Tarnish may be n 
from silver goods by rubbing them with a leather oi 
dipped in a paste of cream of tartar and water or in asoluttbol 
caustic soda or carbonate of soda and ammonia. A thin vannsk 
of collodion will resist the action of the atmosphere and prevert 
tarnish. Paper in which silver goods are to be kept shooUi 
be soaked in a solution of caustic soda and ammonia. 

Restoring Silver Jewe&ery. -Silver ornaments which ha^ 
merely become oxidized by exposure in a sulphurous atmos- 

Ehere, and not by repeatedly cleaning, are simply restored by 
rushing with a clean brush and a little carbonate of soda. To 
restore the original dead or lustrous whiteness of silver goods, 
lost by having been too often and carelessly cleaned they should 
be, if not soft soldered or ver>^ fragile, first annealed by being 
held in a pair of pincers close over the flame of a lamp till 
covered with soot, which is then burnt off" by means of a blow 
pipe. Then the article should be immersed in a hot solution, 
of from one to five parts of sulphuric acid and twenty parts of 
water — the quantity of acid depends on the quality of the 
silver the articles are made of, the coarser the silver the more 
acidulated. The time for the articles to remain in the solution 
also depends on the quality of the silver, whilst good sterling 
silver will be whitened in almost an instant, commoner silver 
will take a minute, or even longer ; care is, however, to be 
taken not to allow the articles to remain too long in the solu- 
tion, which would turn the surface into an unsightly gre>dsli 
colour, and the manipulation will have to be commenced afresh. 
As soon as the desired whiteness of the articles whilst in the 
acid is observed, they are removed and quickly thrown into 
lukewarm water ; it is advisable to have an additional vessel 
with warm water at hand, to place the articles in after having 
been removed from the first. The articles are then immersed 
in boxwood sawdust, kept in an iron vessel near the stove, or 
any warm place, when, after thoroughly drying in the sawdust, 
the articles will be found to look like new. Any places on the 
articles desired to look bright, are burnished with a steel bur- 
nisher. If the articles are soft-soldered or very fragile the first 
process of annealing must be dispensed with. 

Single-beat Escapement. — Echappemmt a coup petdu. 
' — Mil 7i.ur eincvi hnpuLse in einer ganzeji SchwingungT^ — An 
escapement in which the escape wheel moves only at every 
alternate vibration of the balance or pendulum. The chrono- 



esc 



333 



Ber and duplex are the best known examples of single-heat 1 
pement. 
Skive.— [-S'aVCTJ diamani. — Diamanlscheibe sum Sldtischnci- 
•^^^.] — A circular saw used for slitting stones. It consists of a 
J*3isc of iron fixed on a spindle between two collars or nuts. The 
I ^ree part is slightly dished to secure rigidity. Its edge is charged 
I '^rtdth diamond powder by pressing a hard stone against it, and 
gently pouring a little powder between the edge of the skive 
Slid the stone. 

Slide Gauge.— [CaA'Sre a coulisse.^Bie Sehublehre.'] — A 
measuring in.strumentconsistingofonefixed and oneslidingjaw. 
It is generally provided with a vernier, and used for obtaining 
exact sizes. Its construction may be gathered from the preced- 
ing engraving (Fig. i), which originally appeared in a useful 
little work on watchmaking by the late Charles Frodsham. To 
his son, Mr. H, M. Frodsham, I am indebed for the use of this 
block. Thegauge there shown consistsofabrassstock, to which 
one of the tempered steel chops is screwed. A brass slide, which 
carries a corresponding steel chop, works freely in a dovetailed 
groove ill the slock, the upper surface of the slide being level 
with the upper f,.irface of the stock. A set screw at one end 
serves to tighten the dovetail and so fix the gauge, when it is 
desired to do so. The stock is divided into inche.s, as denoted 
by the large figures at the outer edge, and the inches into tenths, 
the even tenths being marked by figures. Each tenth is again 
subdivided into five equal parts, representing a fiftieth or -02 of 
an inch. The vernier is engraved on the slide. A length equal 
to nineteen -fiftieths of an inch is divided into twenty equal 
parts ; each part is therefore a twentieth of nineteen-fiftieths. 
or '019 of an inch. Then, as the divisions on the stock are each 
■02 of an inch, while those of the vernier are only -oig, it follows 
thattheirdifrereuceis'oor,orone-thou,sandthofan inch. When 
the chops of the instrument are closed, the zero points of the 
stock and the vernier should exactly coincide. Then, when 
the chops are opened, the distance between them will be indi- 
cated by the position of the zero point of the vernier with rela- 
tion to the scale on the stock, plus as many thousandths of 
an inch as there are divisions of the vernier from zero before 
one coincides with a division on the stock. For instance, if 
the reading showed five-tenths, i division of another tenth and 
4 divisions of the vernier, the measurement would be— 
■5 -\- -02 -I- -004 = -524 of an inch. 
The scale at the back of the stock is divided into millimetres, 
the vernier being nine millimetres divided into ten equal parts. 
Fig. 2 is a light useful instrument by Boley, with points for 
taking and marking depths. There is also a sliding clamp which 
is fixed when the position of the jaws is somewhere near what is 
required. Great exactness may then be obta.uw'l V^-j ■m.fa.-a-s, t>S. 



^Bb adjusting screw. Fig. 3 shows a most useful vernier gau^ 
my Mr. R. Gardner, with sliding points which may be shifted to 
minequal heights foraccuralelymarking depths, &c. (Inthecut 
tlie centre is passed through the hole in the slock and the hole 
in the slide, merely as a proof that the two holes are coincident 
■\7hen the jaws are closed and the scale at zero. It will be under- 1 
stood that in use one centre would be fixed in the stock and ( 
another in the slide). 

S\ide'ReBt.—[Burin-^xc.—Di:rS!ipporf.^—A.tao\ho\iieT{ar ] 
a latheor mandril mounted on a bed with dovetailed slide, which I 
in its turn rests in another dovetailed bed at right angles to the I 
first. By means of screws each slide can be caused to traverse | 
its bed. (See I>the.) 

Slide Biile. — Forrapid calculation, Routledge's Engineers' 
Slide Rule is very useful to watchmakers, as Mr. Charles Frod- 
sham has pointed out. Mr. T. Hewitt gives the following as a 
sample of its capabilities. It will be observed, there are four | 
scales A, B, C, D : A and D being on the rule, and B and C on I 
the slide. When the dagger is reversed (thus -•■) it signifies I 
that the slide should be taken out and turned eud for end. 
To resolve varj'ins ^"'^^ times into 24 hours. 
Example. Watch. — r^ sec. in 5 h. 3401. = 33401. 
A-.- Set 334 Below fj sec. 



14401st 
To find 
spring. 



N.B.— .\ll bending 



^Bft.B Bending 

To find cubical contents of barrel, 
C i- Set the heig ht _ 
D-(- To i-iaS 
To find radius of gyration of balant 
" - Set balance weight 



To 1440 Find 5-6 sec. time in I4h. 

the number of minutes in 24 hours, 
of inertia of balance from bending moment of balance | 

10 A -t Set 158 Below bending n: 

n B -I- To I Find moment of in 

moments under 15-8 will have moments of inertia, 

A+- T019S.S Below bending n 

B ^- Set I Find moment of 

A -1- T02465 Below bending it 

S+- Set I Find moment of inertia 

ider 1*990 will have moments of inertia, -o 



Find cubical cont 
Above diameter 



D-i- To i9'66 Find radius of gyration 

To find length of cylindrical balance spring, 

A ^- To 3-14I6 Below diameter 

B -1- Set No, of turns Find inches, to which add pitch, x turns for 

To find length of flat balance spring, 
A +- Set 3'i4i6 Below radius 



E-K ToNo.ofturr 
To find bending 



. Findinches, towhichadd pitch, x turns for length 
8 of balance spring ot va.■^J\l^%\M^'JJ^c«, 



A?- 



Be^xm- length 



Ij — T - '-iKjcirjf iDcisDCsi Find bending moment 
7 - 'T>'-»*iiv :ht *»LlL2):t ETC ': r rBsf^cinj? the moment of inertia 
? — 7' rT'Trer: -ifftitrrii Fizi moment of inertia, 

I' — Stt *iLlLr.':t: ire AboTt balance arc wanted 

7 " Iii'}.:'. :. L >*LlL:3r4: 7''»r Taetr time. 
J. - 7 ■ TT-' - Ti: tr. : " •:' : ::• tnit F:i: d momest of inertia 
7^ — >i-: V-.. -.f-^-'^cLij-'T:* A"*»c«ve No. of vibrations required 

J: — 7 ■ '"f.r i.r.i' rrj^Tnen: Fiui '^Jesdi^JJ moment 

I^ — Sf : >■ -.. -.i'lrtTr-ni Al-jove No. of \ibrations wanted 
T^' f.r. - :~:t ■•-'«: tr. *.'!«: f«f chronomeier escapement, balance arc of km 

A ^ 7-. r2i::uf '••:' inpn'.f* Be!ow radius of wheel 

?i •»- >'.: -.r.i''.e ■^letw•eeT3 -wheel teeth. Find impulse angle 
?'xLT7.T-.<-. T*-' f.T3 i iTHp^iSe aii;?]e of chronometer. 

Radisf. of wheel = -25. 
Radiuf. of impulse =»= '13. 
WTaeel tooth angle = 24''. 
A -•- To 15 Below -25. 

B -^ Set 24^ Find 46-2 = 46*" 12 

i*^/ -.2 y for clearance = 43** 12 balance angle. 

If n.^^n-.f-rits of inertia and radii of gyration are not known, an approxi- 

mat: or. zzzrry >»e arrive'i ai hy substituting weight and diameter of balaiice. 

I /: Airii-ter- and ra«iii of jin^ralion var\- in inverse ratios at the square roots 

of the ^^t-:;,'ht^u 

I) 



Set weight 



Find weights 



To radius or diameter .\bove radii or diameters 
Sliding Tongs. — \Pincc a boucU. — Die Schieberzange^—k 
pai r of tongs, with a thimble to slide to and fro the handles, by 





means of which an object placed in the jaws may be held fast. 
The most common fonn is showTi in Fig. i. For many purposes 
sliding tongs with vice-shaped jaws, as in Fig. 2. are preferable 

Slitting Yll^.—^Lime a fnidre.—Die SchraubenkopffeileS- 
A very thin file which cuts on the edge. A screw-slitting file, 
used principally for cutting the slits in screw heads, cuts both 
on the edge and sides, and makes a V-shaped groove. A file 
cutting only on the edge is more generally called a safe-sided 
lever notch file, or a pinion bottoming file. 
Snail. — \! Amazon, — Der Excaiter.'] — Acamshapedlikeasnail, 
used generally for gradually lifting and suddenly discharging 
a lever. 

Snailing. — Adoudssage en colimagonJ] — Der excentrischer 
/f/Vnr////y; J •- iMuishing a surface by means of curved eccentric 

'S' 
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Fusee capes, steel keyless wheels, &c., are stiailed with a 
copper mill like the sketch. The face of the mill is hollowed 
out, leaving only a thiu projecting rim. The work to be operated 
upon is placed so as to work just freely between the centres of 
a pair of turns, the rest of which has been removed from the 
liolder. There is projecting from the snailing mill a foot which 
fits the holder of the turns containing the work, so that the mill 
and the turns may be attached to each other, and by means of 
the screw in the rest holder adjusted at any required distance. 
The edge of the mill is then brought into contact with the face 
of the work, the mill being slightly angled so as to touch on 
one side only. The snaiUng mill is fixed in nearly the right 
position in relation to the work, 
and the final angling made by 
moving round the runner of the 
I turns, the arbor of the work 
being centred near the top ot 
the runner. As the mill is 
rotated the desired curves are 
_ produced on the surface of the 

work, the inillbeingchargedwith fine" double-washed" emery 
at first, and sharp red stuff for finishing off. For brass, a bone 
or ivorj- mill is used, with oilstone dust first, and red stuff for 
finishing off. Fine red stuff is not suitable. Snailing requires 
a sharp polishing material, or else instead of distinct curves the 
surface will become quite smooth. A long bow should be used 
to rotate the snailing mill. At first the curves will be rather 
undecided, but if the mill is set at the proper angle it will not 
slip on the surface of the work, and will soon produceanice curve. 
The last stoke or two should be given downwards, the bow being 
bent and relieved as it comes to the end of the stroke. (See also -] 
Lathe.) 

Snap. — [^Cran de fermeture. — Einsprengen.'\ — A method of 
attachment by springing one edge over another, one of the 
edges being slightly undercut and the other dovetailed to corre- 
spond 

Solar Time. — ^Heure solaire. — Die Sonnemei/.~]—T'he: time 
recorded by sun-dials. The solar day is the time between two 
successive passages of the sun over the meridian. (See Time.) 

Soldering.— [50 rd^a^fe. — LiiiheH.'] — The operation of joining 
two pieces of metal by heating, and interposing a film of metal 
that fuses at a lower temperature than the pieces to be joined. 

Hard Solder requires the application of a red heat for melting 
it, and can only be used for metals that require a high tempera- 
ture for fusing them, such as gold, silver, and brass. 

Soft Solder, melting with but little heat, is used for metals 
fusing at a low temperature, orwhen repa\rmgatt\c\e.^'^td\ow^, 
joined witb hard solder which it is desired noX to tQ.eS.x. 



I 
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It slunild be remembered that the thinner the layer of soldff 
llic Ixltcn find the nearer the fusing point of the solder ip- 
Ino.'K Iks the fusing points of the joined surfaces the strongs 
will be the joints. The surfaces to be joined should be heated 
lo the inciting point of the solder. 

Gold Soldering. — The article to be soldered is placed upon t 

bnnrli of old binding wire, hammered flat, or on a piece ofchar- 

coal. If a ])reach or crack has to be filled, a small thin plalcof 

tlw sjinic (luality of gold as the article under repair should be 

nsrd. Rub borax and water to a thin paste on a piece of slate, 

briisli o//f's/(/f'of tbeplate with this, and run small pallions of suit- 

;iblc solder evenly over it. The plate is then boiled in diluted 

snl|)hnrir acid, and hammered or rolled verj- thin. A bit of this 

^•old ])lnte of a slin])e to fill the breach is cut off. Anydd 

s(»ldcMings near the breach should be coated with a paste: of red 

sluM mixed with water, and to preser\'e the polish and colour 

ol" the nrtiele, it should be covered with equal parts of borax 

jind eh.'Mvoal j)onnded up together and mixed into a paste with 

w:it( r. This *' black stuff," which must be carefully excluded 

fnnn the jKirt to be soldered, is dried. Any stones or settings 

ill the iirtiele should be covered with a thick paste of whiting 

Mtid w.'iter ; or some Imry the part in a piece of raw potato. If it 

is ;i ring that is being soldered on the opposite side to tie 

s(ttinj.',s, a ])ieee of charcoal may also with advantage be placed 

throni^h the ring. When all necessar^^ precautions have been 

Inkin. the breach is boraxed, and the piece of plate laid in, and 

luat (iireeted to it by means of a blowpipe. Care must be taken 

tiol to a])])ly too much heat. When the solder begins to flow, 

the plate will drop slightly, and the solder round the edges of it 

vJisten. Hy following this method a strong job is made, the 

colour of the article preserved, and very little cleaning is ^^ 

(pi i red afterwards Perhaps the greatest mistake made by 

noviees in soldering is that in their anxiety to see the solder 

How, they direct the flame too suddenly to it, and in consequence 

the dani])ness of the borax causes the solder, if used loose, to 

eorn, and it will not run at all. The heat should be appliedto 

the surrounding parts first, gradually approached to the solder, 

and sto])])ed the moment the solder glistens. 

( ^iieat care is needed in dealingwith very low quality gold rings 
when broken. File the edges flat, so that no light is seen throupt 
when brought together. Cut a very thin piece of silver solder, 
a trifle larger than the section of the ends. Cover the endswith 
borax, and place the piece of silver solder between them. Apply 
heat with the blowpipe till the soldier begins to glisten. 

The (^iri])])cr shown on the next page is a great help in many 

soldering jobs. Its arms have universal joints to allow of adjnst- 

nients in any position. In the first view it is arranged for holding 

/// Juxtaposition two pieces oi\N\Te,b\xt as seen in the second vieif 



I or other dissimilar article is grasped quite as readily, ^^ 

Gold Solder.— For i8-carat gold^iS-carat gold, 12 parts; fine 
silver. 2 parts ; brass wire, i part. For lower qualities of ^old 
substitute for the 18-carat gold the same standard as the article 
Lo be soldered, and add the same proportion of silver and brass ^m 
wire ai given above. For the brass, wire pins are generally used, |H 
as they contain a little tin, which is an excellent ingredient for ^H 
causing the solder to flow. Some jewellers usecopper instead of ^H 
the brass pins, and add a little zinc. Ordinary silver solder is ^H 
quite unsuitable for gold work which has to be coloured. ^H 

Silver Solder,— To i ounce of standard silver add 6^ dwt. of ^M 
white pins ; melt the silver first with a good piece of borax. ^H 

TewellerB' Solder, — Fine silver, rg parts; copper, i part, brass 
pins, 10 parts. 

■White Silver Solder, — Equal parts of silver and tin ; melt the 
silver first. 




Excelsior Soldkring Gripper. 

Soft Solder.— Tin, 2 parts ; lead, i part : melt the lead first. 

Solder for Pewter and Britannia Metal,— Tin, 10 parts; lead, 
5 parts : bismuth, i to 3 parts, according to the work ; meh the 
lead first. 

Soldering Fluxes. — With hard solder use borax ; with sofl 
solder, chloride of zinc prepared by dissolving small pieces of 
zinc in spirits of salts till no more can be dissolved. A little 
spirits of ammonia, added to the chloride of zinc, will prevent 
it from rusting iron or steel. 

DiBsolviae: Soft Solder. — Nitric acid is the quickest solvent, and 
may be used safely for not lower than 12-carat gold. The safest 
solvent suitable for all grades of gold and silver goods, which is 
recommended by Mr, George E. Gee, is prepared as follows : — 
Reduce to fine powder 2 ozs, of green copperas and i oz. of 
saltpetre, add 10 ozs. of water, and boil for sonwe ^A■vlv^i \\\ a. oa&X 
iron saucepan. On cooling, it will become c"C7?.\.a>i\x(:6. ^\'CQKt 
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.:i:iimc mcrrstallizeiand 

—r r— r^c^iliiTir m rrtrjl-rr.*:. Dissolvefte 

r :* .. ^TTsSTi. .223 L aijilini: to i part (it 

-i^-> 3--.ir- m. _ part? of boilin? 

. :r. :nrr^er*=c:"rbrv:-rk to be operated 

"•■ ^r.'.-7:r "-■ rnt Ti'ijaerTTiII be removed 

".'.-. ^ 'j^^*^ ^J^pnsr : =::. alninmium 15. 
j-r • '.'iL'.'iL, : •■erir^ r:irpentine, and 
-..-■r. '-^ ;:: ^-inii:2L:i:=: soldering bit 
- -..J "r.:r^'^^cr7:v.. — I^u getheilit 
-. '.rr '.rscT^zZit. zz. Trh: 2h there are two 
-. .:".:r-t:te .-.tber t:?^£i:y of different 
• :;:-. : ::• ■::* c~i:rii: :5 started, the two 
:". , ".:rr:-:r zi. the bsrd of the case is 
- ■- -T--^-. - ::>- tc-c? ntLLTy, xrhile the other 
•-.^'ir: ■ tn^ rhr^D.-iirrsph push- piece. 
'• "^^"^^ Tbe 5=plit seconds 

^ lEf ribanism is shown 

rr tbe annexed en- 
CTxrin^. Fig. i. At- 
racbec to the pipe of 
tbe loTrer hand is a 
"r r^e disc which may 
be clasped by two stop 
I evers . It will be ob- 
served that at present 
the tail of one of the 
lever? is supported on 
the tip of one of the 
:eetb of the ratchet 
wheel B, and when the 
button in the band of 
tbe case is pressed the 
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lick pulls round the 
ratchet wheel a little, 
the tail of Uie lever 
then sinks into the 
space between two of 
the teeth and allows 
the levers to clasp the 
brake disc. 

TIm- « oniK-riion between the two hands is made in the follow- 
NJi' w;i y. A v<-ry li^^lit curved spring arm is fixed atone extremity 
i'»tlii l,iiil,i- <li'>r on the pipe of the lower hand. A small roller, 
l»i« |i hiMv '»! jfw«'l, cjirned by the free end of the arm, bears on 
Hii I A\n III II liiiift sliMpi'd cam fixed to the pipe of the upper 
ii'Mhl , j.ii, ihiti, wlwn Vlw U^Nvv:! l\a\\d is releasea, thepressureof 



©ring causes the roller to fly to the point of the heart piece 
fet the centre, and the two hands are then coincident. 
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_5)rmerly when the chronograph hand wa.s returned to zero 
jr means of the push piece at the pendant, while the lower or 
split hand was locked, the subsidiarj- buttou had also to be 
pressed, in order to release the lower hand. Recently Messrs. 
Baume & Co., have made a little addition to obviate this second 
push. The ratchet wheel c, Fig. 2, is fixed to the arbor of the 
split seconds ratchet b, Fig, i. On the left of Fig. 2 is the usnal 
castle and ratchet for actuating the chronograph, and in con- 
nection therewith is an additional lever A, which moves to and 
fro according as a projection or space of the castle ratchet is 
presented to its leg-hand extremity. At the other end of the 
lever a is a jointed spring click, to give motion to the ratchet 
wheel c. Themotion of theleverA.issoproportiouedthatwhen 
the chronograph is beingused, and the seconds hands are travel- 
ling together, the jointed click simply slides to and fro on the 
same tooth of the ratchet wheel c, no matter how often the 
hands are returned to zero by the depression of the principal 
push piece. But should the split seconds be put into action, 
the ratchet wheel c is slightly advanced, and its new position 
allows the pawlto engage with a fresh tooth of the ratchet wheel 
C; then, when theprincipai push pieceis depressed, theratchet 
wheel c, and with it the ratchet wheel b, is carried round suffi- 
ciently far to take the stop levers off the brake disc. The re- 
mainder of the actions have already been described under the 
head of Chronograph. 

Spotting.-[.-ii^o««JJO^<^e« laches.^Derrundliche ZierschliffA 
—The process of finishing chronometer, and occasionally watch 
plates by polishing thereon equidistant circular patches. 

The plate that is to be spotted, is fi.xed to the top of a slide 
rest, and the marks are made with a small hone or ivory tube, 
which screws into the bottom of the upright spindle. The 
material used to produce the pattern is a mixture of oilstone, 
dust, and sharp red stuff, The plate, when tlxeii i.\\ ■^osi.'Cvavi.'OTw^ 
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the platform of the tool, is dabbed all over with the end of ^ 
finger dipped in this composition, which must not be at aUffl 
or thick. This up- 
right spindle carrj-iiig 
the spotter is kept 
constantly rotating by 
a band from a foot 
wheel. Aspiral spring 
round the arbor of the 
spotter keeps it off the 
work, anda little pres- 
sure on a knob at the 
top brings the spotter 
into action. The j 
pattern is made by I 
turning the handle of I 
the slide rest equal \ 
amounts after each 
spot till a row is fin- 
ished, and then j-^ 
moving thetransverse 
slide an amount equal to the pitch of the pattern. 

Sprung Over. Sprung A.\tovB.~[S/>ira/esur/e da/ander. 
—Spirakjder uber dit Utntihe pladrl.'\-—A. watch in which the 
balance spring is attached to the staff above the balance, the 
index or regulator being fixed to the balance cock. 

Sprung TJ-aA&r.-~\^Spirale sous le balander. — Spirai/eder 
unter der Unritke.'] — A watch in which the balance spring is 
attached to the staff underneath the balance. This arrange- 
ment is adopted in full-plate watches for the convenience of 
getting the index on the top plate. The stud is usually screwed 
into the plate, a most inconvenient arrangement, for the balance 
spring has then to be unpinned everv time the balance staff is 
removed. Mr. John Jones avoids this by fixing the stud to the 
plate by means of a screw andasteadypin.amuch better plan. 

Stackfreed. — An eccentric wheel or cam attached to the 
barrels of watches before the invention of the fusee, in order to 
equalize the force transmitted. A spring pressed upon the edge 
of the eccentric wheel. 

Staff.— [.^-re Die lVelle.']—Krhor, axis. 

Staff Pnnoh. — This is a useful punch for driving pallet and 
other staffs and colleted wheels to correct position, It may be 
made from a piece of polisher steel. A large hole is first drilled 
transversely near one end. and a smaller one of a size to alloff 
of the passage of ordinary- pivots is then drilled from the end W 
meet it. The mouth "<" , 

thesmallerholeischara- ("^1 ^^ 

I fered, and rests on the^ ' ■ 
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shoulder of the staff to be driven ; the pivot passing into the 
S.arge ho!e is secure from damage during the operation. 

Staff G&iige. — This gauge (p. 343), is for ohtaining the extreme 
length of balance and pallet staffs, and is useful for many similar 
purposes. There are two arbors, each capable of being tightened 
"fcy a binding screw, and the upper one is threaded to receive an 
adjusting nut. The tool is held in the vice, and the endstones 
"liaving been removed from the holes of the staff pivots, the 
anovemeut is held in the left hand, so that the face of the bottom 
a.rbor takes the place of the foot endstone, while the right hand 
"brings down the top arbor till it rests on the cock jewel. The 
'top arbor is then bound, and the adjusting nut turned till 
it rests on the face of the gauge. The top arbor 
-may then be unbound, the movement removed, and 
the arbor brought down again till stopped by the 
adjusting nut. 

Stake. — \_Enclume. — DerAmboss.'] — An anvil or 

Trest. A hollowed stake is used for 
"bumping" wheels, i.e., altering 
the plane of the teeth with relation 
to the hole. A stake 
with a beak to it, like 
the sketch, a form 
much used by jewel- 
lers, will be found useful by job- 
bers for shaping rings and the 
like. (See Polish Stake and Rivet- 
ing Stake.) 

Star Finger. — [Doigl £an-elage. 
— Der Stellungszahn.^ — The part of 
the going-barrel stop work which is 
fixed to the barrel arbor. 

Star Wheel. — \^Eioik 
St€m.~\ — (i) A wheel with pointed ^B 
teeth. 

(a) The wheel with twelve div 
to which the snail of a striking clock 
is fixed. 
(3) A toothed wheel with a snail on 

• one face as in the sketch, 
used in musical boxes to ad- 
just the cylinder endways, SUfFGange. 
so that the different tunes may be played in rotation. 
(4) The wheel of the going-barrel stop work which 
is pivoted to the barrel is called indifferently a star 
wheel or a Maltess cross. 
k Steady ViD.—{_Pied.—Die SiellsH/i.'\—K pin used to secure 
e relative positions of two pieces ot meXal. "Waat^. ^*ax 
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accuracy is needed, the holding screws alone cannot be ile- 
peuded on to ensure this. One or two holes are therefore drilled 
and broached through the pieces while they are together, and a 
pin or pins with nicely rounded ends, carefully fitted. 

For rounding up the ends of steady pins a tool may be made 
by filing two half-round grooves at right angles to each odier 
across the end of a piece of round steel, which is then hardened 
and tempered. 

Steel.— [Acier.—Der SiaAi.]—S(:s Iron. 

Steel Watch Cases. — The dark blue-grey approaching a black 
on steel watch cases is usually obtained by exposing the case to 
a dull red heat in a muffle filled with super-heated steam for 
several hours, which produces a coating of magnetic oxide of 
iron,which is intenselyhard and also resists the action of air and 
water. I am not aware of any other way to produce so perman- 
ent a black. A black surface may be given to steel or iron by 
adding a slight coating of copper from a cyanide of copper bath 
by electro -deposit ; on this a film of silver is deposited, which 
can be blackened with chloride of platinum dissolved in hot 
water and applied with a brush. 

Stem Winding. — \_Remo?itoir auPmdatti. DerBugelaif/sug.'] 
— Winding by means ol a stem running through the pendant of a 
watch. The ordinary method of keylesswindiug. (See Keyless.) 

Stirrup. — {Eirier pour Pendule viercuriel. — Der Rahmeii 
{Quecksilberpaidei)?^ — In a mercurial pendulum, the bottom of 
the rod on which the glass jar of mercury rests. 

StOgden, Matthew. — Inventor of half-quarter repeating 
mechanism. He died in abject poverty, about 1770, at an 
advanced age. 

Stop "Work. — \_Arreiage. — Die StelluHg.']—A.u arrangement 
forpreventingthe overwinding ofamainspringor clock weight, 
Fuseestop work consists usually of an arm pivoted to a stud fi^ed 
on thewatch or clock plate, againstwhich a weak spring presses, 
though sometimes the arm is fixed at one end, and is sufficient!)' 
jrielding to act as a spring. The chain or gut as it coils on thelast 
groove of the fusee pushes this arm in the path of the fusee snail, 
S projecting nose on the end of the fusee, and stops it. By the 
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time the fusee has made one rotation the reverse way, the alterefl 
^position of the chain or gut^asieatm:v\.>.e<i.'Oas;M'Ki-\n\»L'^tes«ed 
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; of the way of the projecting nose of the fusee. 
Kg. I shows a solid stop work for theusiial relative positions 
■usee and barrel, in which the stop finger is subjected to a 
pst, the stress being taken by a screw of adequate size passing 
|ly through a hole iu the stop and tapped into the plate, 
ti 2 is the stop work for a reversed fusee, in which the stop 
^r is subjected to a tensile strain. It will be seen that for 
t rotation of the fusee in the first arrangement the chain 
aid raise the end ot the stop finger more than its pitch on the 
'le, but in the second figure the finger would be raised less 
.1 the pitch, and, consequently, if the spring of the stop is so 
f as to beud the chain a little, the stop sometimes fails to 
tain a sufficient hold. Mr. Schoof says that if the face of 
' the stop where the fusee snail butts is undercut instead of 
being left square, and the snail correspondingly bevelled, the 
stop finger is drawn safely home, and then if the spring is made 
sufficiently weak, a sound action may always be sec;ir3d with 
a reversed fusee. 

As a stop for the going-barrel, a star wheel or Maltese cross 
revolves with the barrel four times. Each time it passes a 
finger fixed to the barrel arbor, the finger passes into and out 
of a slit, but at the beginning of the fifth revolution the finger 
owing to the altered contour of the star wheel at the part with 
which it then comes into contact, stops it. It will be observed 
that in the fusee stop work any extra pressure on the key after 
the winding is completed, is transferred to the plate, but iu the 
going barrel the resisting base is really the escapement of the 
watch or clock, and pressure after winding would injuriou.sly 
affect the vibration of the balance. Many different kinds of 
stop work have been arranged for the going-barrel in which 
the resisting base is transferred to the plate, but no one haS 
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*r^^ ^ . :v.r*;--— x^ s::.^; v\Tt i:s=*::v >:ops the watch after the 
rft,—. r.^ r...-.-i v.:;- -.^i.r.sr.s Tbt d::^r should be somewliat 



^■' :^or.. iniz ^ given pressure on the 

'r?^^ >r"i:T: irizisierred to the star whed 

i:-i <:i:: \i h«: that acts as a stop should 

: :> - rir. th* res: of the wheel, and should 

■~^>^?.^^-vr.cly shaped part of the finger 

nv.-*,-,- T. X : ::v rv.cr p.i.r>t.v£ri:y:^^:be centre of the star wheel 

;5v >.^.-^T»-: : ? :^ : V*>r-x i shiTT v-^omer on the finger piece is 

.V. r-/.;:n:t :> si:re :o arise. The fingertip 
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ihe neck may be left of 
V :>.'•;-.: rzr.rciia: c^z ihe comers of the spaca 
i:> thi fzjrer passes in and out. The 
s.'rt V sbv>r,:a be cut with a fine thread, 
«.?!.-: h£^-;^ A head as large as the star viill 
r.: '; r tx The ih: ckness of metal it screws 
-.r.r.' -.> s.-^ <i2ali that a coarse thread is 
^r.: .-^z s::::Te :o o\"ertum, and many of the 
:>.;"zTx*< izay be traced to such a cause. 
Thf JLTTxiiji^ment showTi in Fig. 4, 
xich. I believe, old in principle, has 
T-ocx^r.Uy be^r. introduced by Mr. Ham- 
r/.i^rslc V . The <top ring is sprung into 
Cjwvc :r. :he barrel, and contains a 
>-.:r;c:c:::r.r.r.:berof notches forthebar- 
:■.,;> :v.:: aow-ii. In winding, when the 
":•.. .: vro"oc::on on the rine is drawn to 
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Striking Work.— 

of .1 clock c.cvo:er. 



to 



apement chiefly usedin 
:he escape wheel arbor, the pallet 
.ire pl.uned in a straight line. 
S/-; v.'-'tV. — pjjf SrA/acycerk,'] — The part 

Rack Striking Work.— Fic- 1 is a \-iew of the front plate of 
an English striking clock on the rack principle, the invention of 
Barlow, which is the most reliable and the most generally used 
now except by turret clockmakers, the majority of whom still 
prefer the locking plate. The going train occupies the right and 
centre, and the striking train the left hand on the the other side 
of the plate. The wheels of the striking train are indicated by 
dotted circles. The connection between the going train and the 
striking work is by means of the motion* wheel on the centre 

* Clockiiiakers call this, which corresponds to the cannon pinion in 
watches, the minute wheel. I use the tenn motion wheel to distinguish it 
from the wheel gearing with it, to which the name *' minute wheel *' is alio 
>Ued« 




Fig. I, Rack Striking Work. 

A, Lifting piece. D. Hour snail. H, Pin wheel. 

B, Rack hook. F, Tail of gather- J. Third wheel. 

C, Rack. ing Pallet K. Warning wheel. 

G, Great wheel. L, Fly. 

arbor, and connection is made between the striking train and the 
striking work by the gathering pallet which is fixed to the arbor 
of the last wheel but one of the striking train, and also by the 
warning piece, which is shown in white on the boss of the lifting 
piece. This warning piece goes through a slotted hole in the 
plate, and during the interval between warning and striking 
stands in the path of a pin in the last wheel of the striking tr^.i.tv^ 




ofthe minute wheel, a pin which in passing raises the Hftingpid 
every hour. Kxcept lor a few minutes before the clock strikes, 
the striking train is kept from running by the tailofthegathering 
pallet resting on a pin in the rack. Just before the hour, as die 
boss of the lifting piece lifts the rack hook, the rack impelled^H 
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a spring at its tail, falls back until the pin in the lower arm of the ' 
rack is stopped by the snail. This occurs before the lifting piece 
is released by the pin in the minute wheel, and in this position 
the warning piece stops the train. Exactly at the hour the pin 
in the minute wheel gets past the lifting piece, which then falls, 
and the train is free. For every hour struck the gathering pallet, 
which is really a one-toothed pinion, gathers up one tooth of 
the rack. After it has gathered up the last tooth, its tail is 
caught up by the pin in the rack, and the striking ceases. 

The steps of the snail are arranged so that at one o'clock it 
permits only sufficient motion of the rack for one tooth to be 
gathered up, and at every succeeding hour additional motion 
equal to one extra tooth. 

The centre of motion of the rack hook, the point of its tooth, 
and the centre of motion of the rack fbriu a right angle; but in 
planting the work it is better to put the centre of the rack hook 
higher on the plate rather than lower, for iflowerthe pressure of 
the rack teeth may cause the hook to jump out occasionally, a 
verj' tiresome fault. The extreme point of the lower arm of the 
lifting piece should point to thecentre of the motion wheel which 
carries the pin lilting it, or more to the centre of the plate than 
the other way, to avoid the possibility of engaging friction in 
their action. 

When putting the striking train together observe that the pin 
in the wheel K is about in the position shown, .so as to allow but 
little run to the projecting catch of the lifting piece, and that a 
pin in the pin wheel is not close to thehammer tail, but placed so 
that the hammer tail drops off just before the train is locked ; 
this allows all the run possible on to the pin. 

The lower arm of the rack and the lower ami of the lifting 
piece are made of brass, and thin, so as to yield when the hands 
of the clock are turned back ; the lower extremity of the lifting 
piece is a little wider, and bent to a slight angle with the plane of 
the arm. so as not to butt as it comes into contact with the pin 
when this is being done. If the clock is required to repeal, the 
snail, instead of being placed upon the centre arbor, may, with 
advantage, be mounted on a stud with a star wheel, as shown in 
Fig. 2. Indeed, many good clockmakers always mount it so, 
because the position of the snail is then more definite owing to the 
backlash of the motion wheels. 

Half-Hoar Striking. — The usual way of getting the clock to 
strike one at thehalf-hour, is by making the first tooth oi the rack 
lower than the rest, and placing the second pin in the minute 
wheel a little nearer the centre than the hour pm, so that the rack 
hook is lifted free of the first tooth only at the half-hour. This 
adjustment is rather delicate, and the action is liable to occasion- 
ally fail altogether or to strike the full hour, from Ihe pin getting 
bent or from uneven wear of the parts. Tlaea^^a.w'iE.e'Qa.'e.tA'^'i-^'a. 
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in Fig. 2 was devised by Mr. Bamsdale, and appears to be safer. 
One arm of a bell crank lever rests on a cam feced to the minute 
wheel. The cam is shaped so that just before the half-hour the 
other extremity of the bell crank lever catches a pin placediothe 
rack, and permits it to move the distance of but one tooth. This 
is the position shown in the dra\i4ng. After the half-hour fass 
struck, the cam carries the catch free of the pin. 

Quarters. — The quarter-hours may also be sounded on the 
short- toothed rack principle without a special train. In this case 
there are three extra teetn in the rack, all lower than thehour 
teeth, and arranged in steps, the outermost tooth being the lowest 
of all. There are then three lifting pins in the motion wheel 
besides the one for the hour, and they are placed at such a dis- 
tance from the centre of the wheel that the first one after the hour 
lifts the rack sufficiently to allow the lowest tooth only to escape 
when one stroke is given on the bell. The half-hour pin beinga 
little further from the centre allows two teeth to escape, and so 
two blows are given. The third pin after the hour is still a little 
further from the centre, and allows the three short teeth to pass, 
so that of course three blows are given. This arrangement 
answers well if the gradations in the height of the teeth are suffi- 
ciently pronounced to ensure uniform action and the pins in the 
wheel are of adequate size so that they do not get bent. Using 
but one bell is, of course, apt to cause uncertainty as to the mean- 
ing of the sounds between the hours of i and 3. By providing a 
second bell ting-tang quarters can be struck. Pins to lift the 
second hammer are placed on the other side of the pin wheeland 
that hammer arbor is slid longitudinally out ot the way as the 
hour approaches and allowed to spring back to its normal 
position when the hour is struck. 

The snail is mounted on a star wheel placed so that a pin in the 
motion wheel on the centre arbor moves it one tooth for each 
revolution of the motion wheel. Thepin, in moving the star wheel, 
presses back theclick or "jumper," which not only keeps thestar 
wheel steady, but also completes its forward motion after the pin 
has pushed the tooth past the projecting centre of the click. 

Division of the Hour Snail. — The length of the lower arm of 
the rack, from the centre of the stud hole to the centre of thepin, 
should be equal to the distance between the centre of the stud hole 
and the centre of the snail. The difference between the radius of 
the top and the radius of the bottom step of the snail may be 
obtained by m ul tiply ing the distance of twelve teeth of the rack by 
thelength of thelowerarm,anddividingthe product by thelength 
of the upper arm. Divide the circumference of a circular piece of 
stout, well-hammered brass plate into 12 parts, and draw radial 
lines as shown in Fig. 3. Each of these spaces is devoted to a 
step of the snail. Draw circles representing the top and bottom 
Divide the distance between th^s^ two circles into eleven 
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iftl parts, and at each division draw a circle which will repre- 
fta step of the snail. The rise from one step to another should 
^oped as shown, so as to throw off the pin in the rack arm if 
~ the striking train has been allowed to run 

down, and it should be resting on the snail 
, when it is desired to turn the hands back. 
\ The rise from the bottom to the top step is 
i bevelled off, as shown by the double line, so 
s to push the pin in the rack arm on one 
' side, and allow it to ride over the snail if it 
is in the way when the clock is going. Clock- 
makers generally mark off the snail on the 
clock itselfafter the rest of the striking work 
i planted. A steel pointer is fixed in the hole of the lower rack 
arm. and the star wheel jumped forward twelve teeth by means of 
the pin in the motion wheel. After each jump, a line is marked 
on the blank snail with the pointer in the rack arm by moving 
the rack arm. These twelve lines correspond to the twelve radial 
lines in Fig. 3. The motion wheel is then turned sufficiently to 
carry the- piu in it free of the star wheel, and the star wheel click 
fastened back, so as to leave the star wheel and blank snai! quite 
free on their stud. The rack hook is placed in the first tooth of 
the rack, and while the pointer in the rack arm is pressed on the 
blank snail, the latter is rotated a little, so that a cur\'e is traced 
on it. The rackhook isthen placed in thesecond. and afterwards 
in thesucceeding teeth consecutively, and the operation repeated 
till Ihe twelve curves are marked. There is one advantage in 
marking off thesnail in this way. Should there be any inaccu- 
racy in the division of the teeth of the rack, the steps of the 
snail are thus varied to suit it. 

Clocks striking one at the hour have the hammer tail lifted by 
a snail on the minute wheel. Although a snail of this kind is not 
divided into steps, it may be set out on the plan of Fig. 3, the 
contour of the snail beingrepresented by a curvecutting through 
the intersection of the circles with the radial lines. If formed 
in this manner, it is evident the hammer tail will be lifted 
uniformly throughoutthe revolution of the minutewheel. Some- 
times these snails are wrongly made so as to do nearly the whole 
of the lifting as the hour approaches, and the extra .strain on the 
minute wheel stops the clock, or causes the motion wheel to 
slip on the centre arbor. 

Three Train Quarter Chime Clock, — The engraving on p. 353 is 
a front elevation of the mechanism of a quarterclock. as arranged 
by Mr. Bamsdale. The going train occupies the centre of the 
plate ; the striking train is planted on the left, and the chiming 
on the right hand. All the train wheels are represented by 
circles, except the fusee wheel of the going train, 
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Going 

Fusee Wheel 96 Centre Wheel 84 j Third Wheel 78 
Pillion .. 8 Pinion .. 7 ( Pinion .. 7 

Striking Train. 



Pallet Wheel 70 I Warning ^Tieclfe 
Pinion . . 7 my Pinion .. 7 



Fusee Wheel 84 ! Pin Wheel . . 64 
Pinion . . 8 . Hnion . . 8 

I 8 pins in pin wheel 

As the gathering pallet makes one complete revolution for 
every blow struck, the pin wheel must contain as many times 
more teeth than the pinion on the gathering pallet arbor, as 
there are pins in the pin wheel. The number of teeth in the 
pallet wheel must also be a multiple of the teeth in the pinion 
on the warning wheel arbor. 

Gliiming Train. 



Fusee Wheel 100 
Pinion . . 8 



Pallet Wheel 64 
iHnion . . 8 



WamingWhedSO 
Fly Pinion . . 8 



vSecond Wheel 80 

Pinion . . 8 

■ Chime Wheel 40 

The barrels for the going and striking parts are each 2\ 
inches in diameter, and the barrel for the chiming part 2J 
inches, and the rough rule for the size of the fusee wheel is 
that it should just freely go into the barrel. 

There are four pins in the minute wheel for raising the quarter 
lifting piece, and, therefore, the quarter rack hook every quarter 
of an hour. One, two, three, or for quarters are chimed according 
to the position of the quarter snail, which turns with the minute 
wheel. At the hour when the quarter rack is allowed to fall its 
greatest distance, it falls against the bent arm of the hour rack 
hook, and releases the hour rack. As thelast tooth of the quarter 
rack is gathered up, the pin in the rack pulls over the hour warning 
lever, and lets off the striking train. The position of the pieces in 
the drawing is as they would be directly after the hour was struck. 

This is clearly a much better arrangement than the usual flirt, 
which absorbs more power and is less certain in its action. 

Marking the Chime Barrel. — The chime barrel is of brass, and 
should be as large in diameter as can be conveniently got in. To 
mark off the positions of the pins for the Cambridge chimes, as 
noted under the head of " Chimes," first trace four circles round 
the barrel while it is in the lathe, at distances apart corresponding 
to the positions of the four hammer tails. There are five chimes 
of four bells each for every rotation of the barrel, and a rest equal 
to two or three notes between each chime. Assuming the rest to 
be equal to three notes, divide the circumference of the barrel 
into thirty-five equal parts, and draw lines at these points across 
the barrel. Call the hammer for the highest note i, and that for 
the lowest note 4. Then the first pin is to be inserted where one 
of the lines across the barrel crosses the first circle ; the second 
pin where the next line crosses the second circle ; the third pin 
where the third line crosses the third circle ; and;the fourth pin 
where the fourth line crosses the fourth circle, be'(:ause the notes 




Striking Mechanism of Quarter Chime Clock, 
(Half rull Size.) 
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pines for the rest. The first note of the second clitBWS& 
bhe pins for it will conaequentl)' be inserted m I teie the 6 
Ifter Uic rtst crosses the third cirde, and so on. 

Toning: the Belli.— Bells onh- ^-ery slightly oat of tim 
"l musical tar, and they may easily be corrected to the e 
lalf A tone. To (sharpen the tone make the beU sht. 

ning nwiiy the edge of it ; to flatten the tone, thin thel 
Mi>iu-NhaiH.-<i part of the bell by turning some off the oniqL 
DiffieiiltieH with (|tiarter clfxrks sometimes arise &onl 
method usually adopted for knocking oat the honr rack h 
which, as just explained, is eEfected by the falling of the qm. 
rack. aided by a strong rack spring. Failure to strike the h 
F occnsionally occurs through too weak a quarter rack spring, v ] 
"Mic that has been bent in cleaning. There is also a liaWlit)- of 
iic clock striking the hour at the third quarter, through the 
Quarter rack teeth being too fine, which admits of the quarter 
ick lifting the hour rack hook. 
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Mr. Alfred J. Hanisdale proposes what appears to be an im- 
JfOvement which will be understood from the subjoined figure. 
[If, instead of the dotted arm a, which, as ou page 353, is attached 
lothehourrackhook.anarmlike Bis brought down behind the 
jninute wheel that carries the quarter snail, and apin placed in 
e wheel so as to lift the hour rack hook by pressing on 
p ann « and drop it just before the hour, the difficulties men- 
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Jned above would be obviated. By raising tlie hour rack hook 
phis matiTiercoarseteethtothequarterrack and the abnormally 
long quarter rack spring; are avoided. The quarter rack must, 
icourse, be made to fall before the hour rack hook is lifted. 
Jj/nrriage Clock Strikmg Work. — Fig. 4 is a very good example, 
» Messrs. Richard & Co., of hour and half-hour striking work 
f small clocks. Though the principle is the same as in Figs, i 
Id 3, the parts are differently arranged. The snail A is mounted 
I the hour wheel, and the arm C. which takes the place of the 
%ng piece, is pivoted to a lever which isimpelled to theposition 
Swn by a weak spring. Inthe cannonpinion Fare two pins, oue 
jced nearer the centre than the other. At the half- hour the 
hnearestthecentrehaspushedbackthelevertill the first notch 
In the arm c has fallen over the pin in the rack hook i and the 
li then releases the end of the lever, and therackhook is pushed 
tenoiightoopenthestriking, though not far enough to allow the 
fck to fall. At the hour the notch E engages the pin. and 
Ishesthe book clear of the rack. The strikingis keptlockedby 
luprigbt armon thearborof I, catching a pin in the last wheel 
pthe striking train. It will be observed that there is no tail to 
B gathering pallet, consequently the striking is let off at once, 
4 there is no preliminary warning. The horizontal lever at the 
p of the frame and the curved arm coming down in front of the 
rack are for pushingout the book when it is desired to repeat the 
striking of the previous hour. The small wheel below the hour 
wheel is connected with the cannon pinion through the inter- 
mediate wheel on the left, and is for setting hands at the back. 

Alanmi. — The wheel at the bottom of the plate in Fig. 4 is 
connected withtbebourwheel by meansof thein term ediate wheel 
on the right, and is for lettingoiT the alarum. The notched collar 
is fixed to the arbor, which maybe turned round till the notch 
corresponds to any desired hour. The wheel rides loose on the 
arbor. and is pressed forward bythespringattheback. There is 
a projection on the boss of the wheel facing the collar, and when 
this projection comes opposite to the notch, it enters, and the 
spring is thereby allowed to come forward sufficientlyto disen- 
gage itself from thevertical lever on the extreme right of the 
figure. To the axis of this lever on theothersideof the plate are 
fixed a pair of pallets, and also a hammerto strike on the bell. 
On the arborof the escape wheel, which en gages with the pallets, 
is a small maJnspringbarrel,sothatif the mainspringis released 
the hammer rapidly vibrates and strikes the bell. The short end 
ofthe lever carries a banking pin which works between a spring 
fork as shown. One side of the notch in the collar is sloped off 
at the back, so that as the wheel continues its rotation the pro- 
jection is pushed out of the notch and the spring again locks 
the alarm lever, 
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Cams for Turret Clock Strikiiig.— For liftino^ the hammer tails 
of small clocks, pins in the wheel, as shown in Fig. i, do very well ; 
but in turret clocks, where the hammers areheavy and it is acon- 
sideration to economize the power, steel cams, formed so that at 
the beginning and end of the lift the end of the lever bears on 
the cam, should be used. The power should also be taken from 

the lever on the same side of the 
centre of motion as the cams act, as 
shown in Fig. 5 ; in fact the hammer 
rods should be as near the cams as is 
practicable. In the figure the hammer 
rod is attached to the end of the longer 
lever, and the shorter lever, pressed 
downwards by the wheel, is just 
leaving the face of the cam. I fancy 
Sir Edmund Beckett was the first to 
•^'^V* 5* use earns o^ >iXus loxxa W'^^&cL^the 
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.miner. Theyaresousediii the Westminster clock (see Turret 
Clock), and the arrangement is described by him in detail in 1 ' 
book on clocks. For the convenience of readily fixing them in 
their relative positions, Messrs. Gillett and Co. make the cams 
loose with a screwed shank and nut. The wheel then consists of 
two narrow rims side by side, with a space between them suffi- 
ciently wide for the .shanks of the cams to pass freely into. 

Locking Plate Striking. — Fig, 6 is a drawiugof the quarter train 
of the Knightsbridge Barracks clock, the whole movement of 
which is depicted under the head of " Turret." The barrel is on 
the arbor of the great wheel, and the great wheel making one ro- 
tation in three hours has thirty cams, equal to the number of 
quarters struck during that period. Except for a few minutes 
beforeeveryquarterof an hour, a square pin projecting from the 
extremity of an arm (a) on the arbor of the fly pinion, bears 
against the upper of two square blocks on the locking lever (b). 
This lever is gradually raised by a four-armed snail on the hour 
wheel, and a few minutes before the quarter it is high enough to 
allow the pin to escape from the upper to the lower block. A 
separate view, to show the position of these blocks and the pin 
in the arm, is given on the left of the principal figure. Exactly 
at the quarter the snail allows the lever to fall, and the train is 
free. On the end of the arbor of the second wheel is a cam 
with three circular hollows, and when the lever is in its lowest 
position, a roller on it just fits into one of these hollows. As the 
train begins to move, the cam pressing against the roller lifts the 
lever, so that as the arm comes round the pin in it passes under 
the locking blocks. When the great wheel has made a thirtieth 
of a rotation, a lever for each of the two hells has dropped from 
the cams, and a "ting-tang" quarter has struck; the second 
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Fig 6. 

f wheel has then made one-third of a rotation, and another hollow ' 

of the cam is accordingly presented to tte loW.ei . T;\i.«.'&c'wSq:v& 
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the locking plate for the first quarter is wider than is sufficient 
for freedom of the finger that drops into it by one-thirtieth of the 
circumference of the plate, so that the finger again drops into it 
after the quarter has struck, and the train is again locked bytiie 
pin in the arm catching against the upper of the two blocksinthe 
lever. At the second quarter, though, after the first "ting-tang," 
a hollow of the cam is presented to the rolleras before, thelocking 
plate finger meets \nth the plain part of the periphery- of the 
locking plate, and another quarter is struck before a notch in the 
locking plate is coincident with the finger. The space between 
the second and third notches of the locking plate allows three 
quarters to be struck, and between the third and fourth, four 
quarters, when the finger again falls into a wide notch ready 
for the succeeding first quarter. 

The hour striking is similar in action to the quarter part. As, 
however, it would be inconvenient to have 78 cams on the great 
wheel, which is the number ot blows struck in twelve hours, the 
locking plate is carried on a stud. Attached to it is a wheel of 
78 teeth, driven by a pinion on the great wheel arbor, having the 
same number of teeth as there are cams in the g^eat wheel, in 
this instance 24. The second wheel turns once for ever>' two 
blows struck, so the cam has tw^o hollows only. There are eleven 
notches in the locking plate, the first w4de enough to allow the 
finger to return to it after one blow is struck, the others 
divided round the peripher>' at distances corresponding to the 
number of blows to be struck at each succeeding hour. 

Stud. — \Pito)i, — Das Spiral kid tzchefi.^ — A small piece of 
metal j)ierced to receive the outer or upper coil of a balance 
spring. In watches it is usually of steel, and in marine 
chronometers generally of brass. 

(2) The holder of the fusee stop work. 

(3) Any fixed holder used in watch or clock work not other- 
wise distinguished is called a stud. 

Adjustable Stud. — As a rule, the balance spring stud, when 
screwed to the plate or cock, admits of no alteration in its position, 
and if removed may be replaced with the certainty that it is un- 
altered with relation to the spring. But 
for convenience in manufacturing, several 
studs have been devised to allow of adjust- 
ment, either in circle to bring the stud hole 

Ml right for th^ spring, or to and from 

^ the centre of balance, to suit the diameter 
of the spring. The adjustable stud shown in the sketch is one 
of the best of these, and is found mostly in Swiss watches. The 
wing of the cock is formed into a slot, into which the body of 
the stud fits. The head of the stud rests on the the top of the 
wing, and is kept in position by a cover plate and two screws. 
Stud Eemover. — Mr. Daldorph has devised auseftd table with 
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four slits as shown in the sketch, for supporting a Swiss cOck 
while pushing out the stud. The liolesinthe table, and also the 
slits, allow the tool to be used as a support wheu pressing a 
balance spring collet to position. 

The engraving shows a pair of tweezers 
for removing studs such as are pivoted to 
the balance cock. By placing the twee- 
zers so that the slit emhrace.s the stud 
and the projecting finger is pressed on 
the pivot, a tight fitting stud may be 



readily removed without fear of damaging the balance spring. 

Kinute Wheel Studa, Repeating Rack Studs, and thelikecannot 
be threaded right up to the root of the shoulder, and chamfering 
the hole diminishes the holding length of the thread. This 
may be avoided in the following way, which is recommended by 
Mr. John Meek. From apieceof wire larger than the size of the 
shoulder, tarn the part which goes into the frame, and form the 
thread on it; hollow out Fig. 

behind the shoulder, as 

shown in Fig. i ; then 

lay the collar on a stake 

and hammer all round 

the shoulder, when it 

will assume a shape 

shown in Fig. 2 ; true 

the face of the undercut. Fig. 2- 

Sully, Henry. — An eminent English watchmaker, horn 
16H0, who settled in France, where }\e died and was 
buried in 172H. Author of 
the Jie^le Ariificielk du 
Temps. Berthoud says, " To 
Sully and Le Roy the horo- 
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logical art owes its first 
perfection." 

Sun Dial.— [C«rf/-«« so- 
laire. — Die Sonneiiuhr.'] — A 
dial for indicating solar time 
by means of shadows. The 
most usual kinds are verti- 
cal dials which face the 
south, and horizontal dials. 

The art of dialling is 
somewhat complex. A 
glance at the annexed figure 
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will show why, except for places on the equator, the kur 
ii)»ce!t cannot be equal. A sim-dial ma;- be r^arded asi 
circle round the earth, or as the edge of a disc mdcb pasEcs 
through the centre of the earth from the ^ot where Ac 
dial iH fixed, a, b, c, d, e, /, g, etc., are loDgitndmal ciidK 
representing the hours, B the spot where the dial is 
niluatcd, u the corresponding latitude p p the poles, ni 
K the centre of the 
earth. Tlie only way 
the hour divisions can 
he niiide equnl away 
from Ihc eqiialor, is l>y 
curving the dinlloacy- 
liiiitrical form, the 
gnomon lieingthc axis 
of the cylinder. 

A (liiii prepared for 
any imrticitlur place, is 
useless for another 
place in n dilTeront lati- 
tude , w i th t he e xeepti on 
that n ho'uonliilAmX for 
acertaiii latitude will be 
a verlicai diul for a luti- 
tuile wliich is Ihc com- Horizontal Sun DiaL 

plcmcntol'tlic first.orwhiititwantsof 90°. That is, a horizontal 
iliiil liir 1)111 liilitndi'of 31J", would have to be placed in a vertical 
position liu-iiij; simtli in latitude 384°. 

Horiiontal San Dial. To set out a horizontal dial, first draw 
two lines, iniridlel lo each other, at a distance equal to the thick- 
ness of llic niionioii which is to cast the shadow. Next, draw a 
lincEit rinlil iiiiglestollicse, the extremitiesof which will indicate 
respectively the hours of 6 in the morning and 6 in the evening- 
Then, with A and » as centres (see engraving), draw quadrants 
of circles, and divide each into 90 degrees. Lay a rule overs, and 
draw the first line through 1 1 ij degrees, and second through 24^ 
third,i«i, fourth 53i,andfifth Tih- Proceedthe same with the 
other side, ivxtend the afternoon hourlinesof4and5 across the 
dial, and these will form the morning hours, whiles andyofthe 
morning hours prolonged will give the same evening hours. To 
form the style orgnonion, draw a radial line through thatdegree 
ofthe quadrant which is the latitude of the place. Forl/)ndon 
this would be 51 J". This will show the elevation of the style, 
which is here represented as if lying on the surface of the dial. 
The thickness of the style must be equal to the distance between 
Aaiid B. Placethestyletrulyuprightonthedial.anditisfinished. 

A horizonial dial made for a certain latitude will be a seutit 
dial for a latitude which is the complement of Uie first, or what 
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^Wants of 90". That is, this dial made for our own latitude 
'° would have to be placed in a vertical position facing 
E south in latitude 38^. 
Bunk. Seconds.— ^f TOW (^^ rapportees. — Setikung im Ziffer- 
mtte fur die SecundeSX — A watch in which the portion of the 
|tch dial traversed by the seconds hand is sunk below the 
1 of the rest of the dial. With a sunk seconds the hour 
Ipd may be closer to the dial than it otherwise coiUd. 
Surprise YlB^^.—\^Surprise. — Der Vorfall.~\ — A loose plate 
bder the quarter snail of a repeating watch, which prevents 
Te quarter rack reaching the snail if the mechanism is set 
ling at the hour. 
■8'wing Tool. — \^Equiiibre. — Die Schleifvorrichiiing am Dreh- 
dft/f.] — A tool in which watchwork is fixed to be polished. It 
Hngs on centres so that the work yields to unequal pressure 
W the polisher. (See Polishing.) 

Table Boiler. — {^Plateau simple. — Die Tafciolle{A7ikcrkem- 
&""£■■] — The roller of a lever escapement that carries the im- 
Blse pin. The term table was originally applied to distinguish 
Us kind of roller from the part carrying the impulse pin in 
assey's escapement, which was in the form of a crank. J 

, Table Tool.— \_Perce-droil. — Die Geradbokrmasckine.']— &tm 
Jol for uprigliting and drilling. (See Uprighting Tool.) ^ 

' Tell-Tale Clock..— [^Pendule (ou montre) de contrble.—Die ' 
Kont>-oluhr.~\ — A clock by which arecord is left of the periodical 




visits of a watchman orother person toapaYUcul'&t^'^'A. \-c'Cwt 
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earliest form inveutedbyJohnWhitehurst, of Derby, in the last 
century and still met with, a ring studded with projecting pins 
rotates, so that the pins successively coincide with an aperture at 
the desired intervals. As the watchman passes, he pushes thepin 
in; but should he be late, it haspassed the aperture, and cannot 
be got at. Recent improvements provide foraperraanent record 
of the visits of the watchman. Hahn'sTime Detector, oneof 
the best examples, is here drawn to one half of the real size. The 
^tector is carried by the watchman, who at ever>' station lie 
has to visit finds a key (as shown on the left of the engraving) 
'which he inserts into a keyhole in the baud of the case opposite 
the pendant, and gives it one turn. This lifts a steel type, and 
impresses a figure corresponding to the number of thekey on to 
the papei dial, so that in the morning when the instrument is 
unlocked there is recorded on the dial the time at which each 
station was visited. The dial is then removed and a fresh one 
attached ready for the succeeding night. There is a lever by the 
catch on the left of the picture, which punctures the dial when 
the detector is unlocked, to indicate when this was done. 

Tempering. — \^Re-nvnnr. — .-in!assi-n.'] — The operation of 
Bofteuiug steel to the degree suited for the particular purpose 
required, the steel having been previou.sly hardened. 
Tempering Steel. 
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Steel i-s less oxidized by tempering in an alloy than if tem- 
pered in the air, and the required temperature is obtained with 
much greater certainty. Instead of linseed oil some chronometer 
makers use olive oil, which boils at 600°, as a bath for temper- 
ing balance springs. 
Thimlile tor holding punches. — See Riveting Stake. 
Tlliout I'aizie. — A clever French watchmaker, Inventorof 
many ingenious forms of repeating work, curious clocks, &c., 
I described in his Tratie d' Horlogerie, published 1741. 
I Third '^'^^^.—{RouepetUemoyenne. — Das kleineBcdenradi] 
I — In a watch, a wheel of the train between the centre and fourtll 
■ wheels. 



363 



Eee Part Clock.— Three Train Clock.— i/for/o^ 
:. — Schlagiihr mit drd Federhmisetn.~\ — AclockwiththreM 
trains : the going train, the striking train, and the quarter o 
chiming train. (See Striking Work.) 

Tliree- Quarter Plate.— [ Trois i^uaris deplaiine. — Dreimet- 
ielplatte.'\ — A watch in which sufficient of the upper plate i 
omitted to allow of the balance vibrating in the same plane a 
the plate. (See Plate.) 

Throw. — {Totirarenvoiacorde. — HandschwutigradmitSchnui^ 
(^Drehstukl').'] — A clockmaker's " dead centre " lathe. At th^ 
back of the lathe centre is fixed a large grooved wheel or pulle] , 
having a handle attached. The workman turns this wheel with 
his left hand while holding his tool or cutter with the right. A 
gut connects the largethrow wheel with a small pulley rotatiugj 
freelv on the lathe centre. J 

Tidal Clock. - \Horlogede marie. — Die Ebbe und Fhtihithr^ 
— Ferguson designed a curious and useful clock for .showing thS 
time of high and low water, the state of the tides at any time o9 




the day, and the phases of the moon. The outer circle of the 
dial in the left-hand cornerof Fig. i isdividedinto twice 12 hours, J 
with halves and quarters, and the inner circle into 29-5 equall 
parts for showing the age of the moon ; each day standing undet 
the time of the moon coming to the meridian on that day. Theri 
are two hands on the end of the arbor coming through this dial,l 
which go round in 29 d. 12 h. 45 m., and these hands are set a 
far apart as the time of high water at the place the clock i 
servediffersfromthetimethemoon comes to meridian. SothatbyB 
looking at this dial, one may see at what time the moon will h^B 
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on the meridian, and at what time it will be high water. On 
the dial in the right-hand comer, all the different states of the < 
tide are marked. The highest points on the shaded ellipse re- 
present high, and the lowest low water. The index travels 
round this dial in the time that the moon revolves from the 
meridian to the meridian again. In the arch above the dials, a 
blue plate to represent the sea rises and falls as the tide do. and 
over thi.s a ball, half black and half white, shows the phases of 
the moon. 

The mechanism as it would appear at the back of the dial is 
shown in Fig. 2. A wheel of 30 fixed to the hour wheel on the 
centre arbor goes round ouce iu 12 hours, and gears with a. 
wheel of 60, on whose arbor a wheel of 57 drives a wheel of 59, 
the arbor of which carries the hand for the right-hand dial, 
On this arbor is an elliptical cam which carries and lets down 
the tide plate twice in 24 h. 50-5 m. On the arbor of the wheel 
of 57 is a pinion of 16, driving a wheel of 70, on whose arbor is a 
pinion of 8 driving an idle wheel of 40, This idle wheel is merely 
to reverse the direction of the wheel of 54 with which it gears, 
and which carries the hands of the left-hand dial. The moon is 
driven from this last arbor by means of a pair of mitre wheels. 

Ferguson afterwards devised a cheaper arrangement by 
making the dials all concentric, but it certainly was not so good 
as the one here illustrated. 

Time. — [^Temps. — Die Zeil.'] 

Solar Time. — Solar time is marked by the diurnal revolution 
of the earth with regard to the sun, so that the instant the sun is 
seen at its greatest height above the horizon it is true mid-day, 
which sometimes takes place 16 m. 18 s. sooner, and at other 
14 m. 28 s. later than twelve o'clock mean time. The diurnal 
rotation of the earth on its axis might naturally be supposed to 
bring each place to the meridian at regular intervals ; this would 
be nearly the case if the earth had no other movement ; but it 
advances at the same time iu its orbit, and as the meridians are 
not perpendicular to the ecliptic, the days are not of equal 
duration. This may be easily perceived by placing a mark at 
every 15 degrees of the equator and echptic on a terrestrial 
globe as by turning it to the westward the marks on the ecliptic, 
from Aries to Cancer, will come to the brazen meridian sooner 
than the corresponding ones on the equator, those from Cancer 
to lyibra later, from Libra to Capricorn sooner, and from Capri- 
corn to Aries later ; the marks on the ecliptic and equator only 
coming to the meridian together at Aries, Cancer, Libra, and 
Capricorn ; thus, true and mean time would agree on the days 
in which the suu enters these signs, which is on the 20th March. 
2ist June, 23rd September, and 21st December, were it not 
that the earth moves with gr^iter rapidity in December, when it 
fa nearest the sun, than it does mjMVj.'N'ne.'D. Ss. vs, «t \ve. ^fjs«at 



1^1 



365 

distance from it. The regularity of the earth's motion is also 
further disturbed by the attraction of the Moou, Venus, and 
Jupiter. True and mean agree about the 25th December, 15th 
April, 14th June, and 31st August; these coincidences vary 
slightly ill different years, because the earth takes about aquarter 
of a day more than a year to complete a revolution in its orbit, 
and this error accumulates from leap year till the fourth year 
after, when the.extra day is taken in. 

Sun-dials mark apparent time, while clocks measure e^ua I or 
mean time ; if. therefore, a timekeeper, perfectly regular in its 
motion, were set to apparent solar time, it would be found to 
agree with it only on four days in the year. 

Solar noon at any particular place may be obtained by a transit 
instrument (page 279), by a sextant (page 329I, or by a meridian 
dial (page 247). The equation table, on page 366, shows the 
amount to be added to or substractedfrom true solar time to give 
mean solar time, that is, the time shown by a clock. But if it is 
desired that the clock should show the mean time of Greenwich, 
or some other standard meridian, a further correction for longi- 
tude must be made. At the eud of this book is a table showingthe 
difference between mean time at Greenwich and other places- 
Greenwich time is the standard adopted throughout Great 
Britain. Inlreland.Dublintimeiskept. Five different standards 
are now established in America. A central meridian, 90° west 
and 6 hours slow of Greenwich, which serves for the Mississippi 
Valley Mis.souri Valley, Upper Lakes, and Tex^s, is called 
" Central Time " or " Valley Time." A meridian, 75° west and 
5 hours slow of Greenwich, called " Eastern Time," serves for the 
district from Maine to Florida, from Ohio to Alabama, and the 
Lower Lakes, and northward through Canada, A meridian, 60° 
w^est and 4 hours slow of Greenwich, known as ' ' Atlantic Time," 
serves for Newfoundland, New Bruuswick, and Nova Scotia. A 
meridian, 105° west and 7 hours slow of Greenwich, known as 
" Mountain Time," serves for the Rocky Mountain region. A 
meridian, 120° west and 8 hours slow of Greenwich, known as 
" Pacific Time," serves for the Pacific States and British 
Columbia. 

" Mid-Europeau time," one hour fast of Greenwich, has been 
adopted as the standard throughout Germany since 1893. 

Since 1895 four standards have been adopted for Australia, 
making Melbourne, Sydney, and Brisbane 10 hours, Adelaide 
9 hours, Perth 8 hours, and Wellington 11 hours ahead of 
Greenwich. 

The Astronomical ITean Solar Day is reckoned from noon to 
noon, and the hours are counted continuously from 1 to 24, 
instead of being divided into two equal spaces of 12 hours each, 
as is the ordinary custom ; thus half-past six o'clock in the 
morning of, say, the 2nd day of January, THouVAWt-s^t^a**!!*,: 
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I Equation Tabl 
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Note. — In an equation table for use in any year of the four from leap 
year to leap year, absolute exactness is impossible, on account of the 
error in the computation of the year, which is referred to on p. 364. 
Seconds and intermediate days are therefore omitted. 

by astronomers as January ist, 18 hours 30 minutes. In an 
Astronomical Regulator the hour circle is accordingly divided 
into 24, and the hour hand goes round once in 24 hours. 

Cycle of the Sun. — A cycle of the sun is a period of 28 years, 
after which the days of the week again fall on the same days of 
the month, as during the first year of the former cycle. The 
cycle of the sun has no relation to the sun*s course, but was 
invented for the purpose of finding the Dominical letter which 
points out the days of the month on which the Sundays fall 
during each year of the cycle. Cycles of the sun date nine 
years before the Christian era. If it be required to know the 
year of the cycle in 1892, nine added will make 1901, which, 
divided by 28, gives tte c^uol\eu\. 6-] A^^^^>3^^cc^^^ ^'^ ^^v^R&\S\a.t 
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re passed, and the remainder 25 ■will be the year of the cycld 
■ering to 1892. 

lereal Time, the standard used by astronomers, is me: 

the diurnal rotation of the earth, which turns on its axis ll? 

56 miu. 4- 1 sec. The sidereal day is therefore 3 min. ' 

56 sec. less than the mean solar day, and a clock 

to show sidereal time must have its pendulum a 

trifle shorter than a mean time clock with the 

same train. About the 15th of April the sidereal 

52 1 clock and the meantime clock would agree, but 

from that lime the divergence between the two 

would be increased each day by 3 min. 56 sec. 

Mean time clocks, though, can be regulated 

by -the stars \vith greater facility than by the 

sun, for the motion of the earth with regard to 

the fixed stars is uniform, and a star will always 

appear at the meridian 3 miu. 56 sec. sooner than 

it did on the preceding day. In the absence of 

a transit instrument and a table giving the right 

as;:ension of particular stars, choose a window 

having a southern aspect, from which the steeple 

^ of a church, a chimney, or any other fixed point 

46J may be seen. To the side of the window attach 

43' a thin plate of brass having a small hole in it, in 

3^- such a manner that by looking through the hole 

towards the edge of the elevated object, some of the fixed stars 
may be seen ; the progress of one of these being watched, the 
instant it vanishes behind the fixed point a signal is made to a 
person observing the clock, who then notes the exact time at 
which the star disappeared, and on the following night the 
same star will vanish behind the same object 3 m. 56s. sooner. 
If a clock mark 10 h. when the observation is made, when the 
star vanishes the following night it should indicate 3 m. 56 a. 
less than 10 h. If several cloudy nights have rendered it im- 
possible to compare the clock with the star, it will then be neces- 
sary to multiply 3m. 56s. by the number of days that have elapsed 
since the observation, and the product deducted from the hour 
the clock then indicates gives the time the clock ought to show. 
The same star can only be observed during a few weeks, for as 
it gains nearly one hour in a fortnight it will, in a short time, 
come to the meridian in broad daylight and become invisible ; 
to continue the observation, another star must be selected. In 
making the observation, care must be taken that a planet is not 
observed instead of a star; Marsjupiter, and Saturn are those 
most likely to occasion this error, more especially Saturn, which 
fiiam being the most distant of the three resembles a star of the 
^bst magnitude. The planets may, however, be easily distin- 
^Kshed, for being comparatively near the eart\\,yaf^ w^^^'a.-t 
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larger than the stars ; their light also is steady because reflected, 
while the fixed stars scintillate and have a twinkling light A 
sure means of distinguishing between them is to watchastv 
attentively for a few nights ; if it change its place with rqpri 
to the other stars it is a planet. 

The Nautical Day commences when the sun is on the meridian; 
8 blows are then struck on the ship's bell, and the afternoon 
watch is begun. At 12.30 one blow is struck, and thetimeis 
spoken of as "one bell '* ; at one o'clock, 2 bells ; at 1.30, 3 bdls; 
at 2, 4 bells ; 2.30, 5 bells ; 3, 6 bells ; 3.30, 7 bells ; at 4 o'clock, 
8 bells again. At 4 o'clock begins the first dog watch, which lasts 
two hours, the periods being struck as before, ending at 6 o'clod 
with 4 bells. Then begins the second dog watch, also of two 
hours duration, ending at 8 o'clock, half-hour intervals being 
struck I, 2, 3, 8 ; 8 bells marking the completion of the second 
dog watch. Next comes the middle watch lasting four hours, 
and struck like the afternoon watch. The night watch, the 
morning watch, the forenoon watch, each of four hours similarly 
marked, follow in succession ; the forenoon watch ending at 
noon with 8 bells completes the day. 

Duration of a Year. — The earth performs its revolution round 
the Sun in 365 days 5 hours 48 min. 49*7 sees. No account was 
taken of the odd hours till the year B.C. 45, when the error in 
the computation of the year had become ver>' considerable. The 
suri)lus, 5 hours 48 min. 497 sees., was then taken as 6 hours, 
making one day in four years ; this day w^as therefore added to 
every fourth year. There still remained the apparently trifling 
difference of 11 min. 11 sec. between the computed and the real 
year ; this, however, produced an error of about seven days in 
900 years. In 1582, Pope Gregory XII. struck out ten days, 
which represented the accumulated error, from the calendar, 
and it was decided that three leap years should be omitted every 
400 years ; thus as 1600 was leap year, the years 1700, 1800, and 
i9(x> are not, ])ut 2000 will be leap year. This rectification was 
not adopted in England till 1752, when eleven days were omitted 
from the calendar. As our year still exceeds the true year, 
although by an extremely small fraction, another leap year in 
addition to those should be omitted once in 4000 years. 

The Golden Number. — Meton, an Athenian astronomer, B.C., 
432, discovered that after a period of 19 years the new and fiill 
moons returned on the same days of the month as they had done 
before ; this period is called the cycle of the moon. The Greeks 
thought so highly of this calculation that they had it written in 
letters of gold, hence the name golden number; and at the Council 
of Nice, A.D. 325, it was determined that Meton's cycle should 
be used to regulate the movable feasts of the Church. Our 
Saviour was born in the second year of the lunar cycle. There- 
fore if we add one to the present year and divide the sum by 19, 
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femainder will give the year of Melon's cycle. 1S92 + i 
i by 19 leaves a remainder of 12, which is therefore, the 
Bin number for 1892. 

B I!paot serves to find the moou's age by showing the 
tf days which must be added to each lunar year, in order to 
iilete a solar year, A lunar month is composed of 29 days 
purs 44 miu. 3 sec, or rather more than 29'5 days ; twelve 
r months are, therefore, nearly 11 days short of the solar 
the new moons iu one year will fall 11 days earhet 
Iiau they did in the preceding year, so that were it new moon 
on January ist, it would be nearly 11 days old on the ist of 
January of the ensuing year, and 22 days on the third j-ear ; 
on the fourth year it would be 33 ; but 30 days are taken off as 
■ an intercalary month (the moon having made a revolution in 
that time), and the three remaining would be the Kpact ; the 
Epact thus continues to varj', until the expiration of 19 years, 
the new moons again return in the same order as before. If the 
solar year were exactly n days longer than 12 lunar months, it 
would only be necessarj' to multiply the golden number by 1 1, 
divide the product by 30, and the remainder would be the Epact ; 
but as the difference is not quite 1 1 days, one must be taken from 
the golden number, the remainder multiplied by 11, and the 
product if less than 30, shows the Epact ; but if more it must be 
divided by 30, and the remainder is the Epact for that year. 
The golden number for 1892 being 12, 12 multiplied by 11 ~ 121, 
and 121 dividedby3oleaves a remainder of I, which is the Epact 
for 1S92. 

To find the moon's age upon any particular day, add the 
number placed against the month in the following table to the 
Kpact and day of the month ; the prodiict, if under 30, will be 
the moon's age. Should it exceed this number, divide by 30, 
and the remainder will show it : — 

January - 2 I April - 2 I July '-Si October - S 
February • 3 May- - 3 August - 7 November 10 
March- - i | June - 4 | September 7 | December 10 
From the irregularity of the number of days in the calendar 
months and other causes, it is diiBcult to make an exact calcula- 
tion, but the error resultingfrom this ndedoesuot exceed oueday. 
The Number of DiteotioiL — The Council of Nice decided, a.d., 
325, that Easter Day is always the first Sunday after the full 
moon which happens upon or next after the 21st of March. 
Easter Day, therefore, cannot take place earlier than the 22nd of 
March, or later than the 25th of April. The number of Direction 
is that day of the thirty-five on which Easter Sunday falls. 

The Koman Indiction,— The Roman Indictioii was a period 
15 years, appointed a.d. 312 by the Emperor Constantiue for 
the payment of certain taxes. 
The Joliaji Period. — The Jidiau Period o£ Tq&o -s' 
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J/Todu^it obtained by nmjtplTisg to gr tber ^- 19. and 15. iW 
nun3l.Krr«» represent the cycles of the Sen, the Moon, andfc' 
Kom^in Indiclion. The beginning of tie Tnlzazi period ii 
reckoned fr^'/ni 709 before the Cieatxa of the World, sotli^is 
completion will occur A-I>. 5:167. last^I which time there canall 
\a: two years ha\-ing the same nmnber for three cycles. 

Time Ball.— A ball suffered to iail a short distance toindiote 
time. The time ball at Green^ch Obserratorv is of Tervftii 
copi>er » si i d i n g on a square wooden mast. There is a groore dofi 
one side of the mast, to allow room for an iron rod attached to tk 
li^^ttom of the t>all which terminates in the piston a. When tk 
l>a]] is in its highest position two clips sup p oi t the piston, as 
shown in the figure. At 
the instant the ball is 
desired to fall an elcrctric 
current attracts the 
armature e, the detent d 
is released, the levers c 
and b fall, thus opening 
the clips that hold the 
piston. The ball falls 
freely at first, but as the 
piston enters the cylin- 
der /, which it fits 
loosely, the resistanceof 
the imprisoned air 
moderates its velocity. 
The ball may be raised 
by means of a rack on 
the eiul of the piston 




takiiiK into a winding; BiJSSiSSa 
)injoii, wliicli is thrown •, il mmSJ 




1 

out of gear when the 

winding is accoin- \ \ 
j)lislied. A large ball \ \ 
may i)e clieaj)ly made \ \ 

with a wire skeleton \ \ 

frame ('f)vere(l with cauyas and painted. It should be loaded 
inside with lead, to ensure its dropping with celerity. A large 
sj)iral spring, ])a(lded at the top, would afford a sufficient cushion 
for the i)all to drop on to, and be less costly than the piston and 
cylinder. The trigger arrangement might also be let off by 
hand, to save expense. It may be taken as a very good rule 
that the diameter of a time ball should be one foot for ever)' 
ten feet it is above the ground, and that its fall should be at 
least half as much again as its diameter. 
Timepiece.— [/*^«^w/^5a;^5 sonnerie. — Nichtsehlagende Uhr.] 
Among watch and clockmak^ts scwy Ivmekeeper above the size 
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^ watch, which does not strike at the hours, is called a time- 

A clock is understood to meau a timekeeper that strikes. 

ling Box. — A brass box for the reception of an uncased 

Ech movement while it is being timed. The edge of the pillar 

ite rests in a rebate, and a cover with a glass let into the top 
"Screws on to the box, and keeps the movement in position. 

TilD.ixiS,—[_Re^iage. — Das ReguHrm.'] — The art of propor- 
tioning the balance spring and balance. Getting a watch or 
clock to time. (See Balance Spring.) 

Timing Frenoh Pendules, — Escape wheels of French pendules 
" rotate twice in a minute, so that the pendulum makes four times 
as many vibrations per minute as there are teeth in the escape 
wheel. A pendule may therefore be quickly brought to time 
by counting if the beats of the pendulum per minute equal 
four times the number of teeth in the escape wheel. 

Timing Repeating Carriage Clooks. — The quickest method is to 
listen to the first blow of the hammer on the bell (or gong) at 
each hour and half- hour, noting at the same time the position of 
the seconds hands on the regulator. Thus: supposing the blow 
is given exactly at i2h.om. os. make a note of it, and compare 
agaiuat iHh.30m.os., when the half-hour blow is given at, say, 
I2h. 3Dm. 5 s., make a noteofthis also, but do not alter the index, 
as this difference may arise from the imperfect position of the 
half-hour pin in the cannon wheel ; at i h. o m. o s. compare as 
before, and as it is the same pin coming into action as at 
12 h.om. OS., any difference in the time of the first blow will be 
indicativeof again or loss, as the case may be; thus; it may be 
given at I h. o m. 4 s., which willshow a loss of 4 s. in the last hour, 
and the clock may now be regulated accordingly. The blow may 
next be given at i h. 30 m. 8s., showing the etFect the moving of 
the index has had in making it gain i s. in the preceding half- 
hour; regulate and compare again at 2 h. o m. o s., and if the 
first blow is given at 2 h. o m. 3 s. it will show that the clock 
has been keeping correct time for the last half hour. 

Timing in Positions.— -T^t^^/a^e dans Us posilions. — Das 
Reguliren Jur PoHtio7iem.~\ — The art of adjusting the balance 
spring and balance so that the watch keeps time in different 
positions. In ordinary work two positions are taken — ^vertical 
and horizontal, called hangingandlying.orpendant upanddial 
up. In the finest work the watch is also timed in the quarters, 
that is, in an open-faced watch with the 3 ou the dial upwards 
and with the 9 upwards. (See Balance Spring.) 

Timing* in reverse.— Getting a watch to time in positions 
by throwing the balance out of poise when the short vibrations 
are over a turn and a quarter in extent. (See Balance Spring.) 

Timing Screws. Quarter Screws. Timing Huts. 
Uefin Time Screws. — Four screws or nuts placed at equal 
distances round the rim of a watch compensat.iQTi.b'a.Va.-acfc,'«\a.'£a. 
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are used for >(cttin^ the watch to mean time. In a mariac 
chronometer there are two timing nuts, one at each end oftbe 
arm. (See Comi)ensation Halance.; 

Ting Tang Olook.— J forlogc a 2 timbres. — Vieridukr^ 
ztKH iiloikrn. |— A clock that sounds the half-hours or quar^ 
on two hells only, as distinguished from a chime clock wHch 
runs ihrongh a series of notes. 

Tipsy Key. vSee Jirnguet Key. 

Tompion, Thomas.— ** The father of English watch- 
making," horn 1038, died 1713, and was buried in Westminster 
Ahhey. He patented the cylinder escapement in 1695 (Xo. 
.V}.}). He applied to watches the balance spring, under tbe 
(liret'tion of Ilooke, the inventor, and to clocks the rack- 
striking; work, as devised by Barlow. 

Torsion Penduloim. — \^Pendule a torsion. — Das Torsions- 
fioiiicl. I A i)endulnm in which the bob rotates by the twisting 
of the snsj)endinK rod or spring. Rotating pendulums of this 
kind will not hear comparison with vibrating pendulums for 
timekeeping. They are (nily used when a long duration of the 
motion of the pendulum is required. Small clocks to go a 
twelvemonth without winding are made with torsion pendulums 
ahont six indies lonj^, which make fifteen excursions a minute. 
The lime occnpied in the excursion of such a pendulum de- 
pends on the power of the suspending rod to resist torsion, 
and llie mass and distance from its centreof motion of the bob. 
In fail, the action of the hob and suspending rod is ver>' ana- 
Io);c)ns Ic) that of a l)alance and balance spring. 

Touch Stone. Touch Needles.— [/Vt/vr de touchc.^Der 
rtohiistdn. I A toncli stone is a i)iece of line grained darksili- 
eions stone, used in conjunction with touch needles for estimating 
the (lualityot K<>hl. Touch needles are small bars of gold, one 
eai'li of all the dillerent standards likely to be tested. Thegold 
which it is desired to test is rubbed on the stone, and beside it is 
rubbed one olllie needles which in the judgment of the operator 
is nearest in (|uality to it. The two streaks are then subjected to 
the aetion of nitric acid, and the experience of the operator 
enables him afterwards to judge of the difference in quality by 
the difference in the colour of the two streaks. 

Tourbillon. | 'rourbillon. — Tourbillo7i,~\ — A carriage in 
which the escaivi'ment of a watch is fitted so that it revolves round 
the fourth wheel. The idea of the tourbillon, one of the almost 
numberless inventions of Broguet, is to get rid of position errors. 

** Tourbillon " Escapements. — In Figs, i and 2 the chronometer 
escapement is shown, but the lever is equally applicable to the 
tourbillon. It will be observed that the fourth wheel, H, is, 
screwed to the plate, and is stationarj', and that the tourbillon 
cage or carriage, c c, is caused to revolve round it. The third 
wheel, K, gears with Ihepmiono^'wliicli is fixed to the carriage, 




to turn on its axis, and also lo roll aromiil the fourth wheel. which,« 
so far as its connectiou with the escape pitiion is coucerued, may^ 




be regarded as a circular rack. The lower pivot n of the ca 
runs in the maiu plaleofthemovement. and carries the secouds 
hand ; the upper pivot e rotates in a high and long bridge which 
spans the carriage, l l are the cocks for escape pinion pivots. 

B. Bonniksen has invented a more compact arrangement 
which he calls a karruset, in which tbe caTT\a.^t i-OM^v^Ns^ "^^ 
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third pinion rotates once in 52) minutes, which gives suflSdeotlr 

4^ 




I'ij^. 3. Bonnikscn's Tourbillon. 



A, 



fourth pinion; n, pivot of carriage; c, fourth wheel; D. whcd 
attaohiMlto oarriuKt* <lriviMi by thinl pinion O; H, thinl wheel; K, balance; 
K. iMMly of carriaKi': K, i„ N, cocks; M, bar screwed to pillar plate P. 

<|iiiok chiniKo of ])(>sition for all practical purposes. Fig. 3 shows 
Honnikscn'skarniscl inwhich the section of the rotating carriage 
is shaded. 

Train.— [ A\wa(re\—/)as /.ati/ivcrk,']— The toothed wheels ina 
watch or clock that connect the ])arrel or fusee with the escape- 
ment. In a >;oin>^-barrel watch the teeth round the barrel dnvc 
the centre ])inion, to which is attached the centre wheel ; the 
centre wheel drives the third wheel pinion, which carries the 
third wheel ; the third wheel drives the fourth wheel pinion, on 
which the fourth wheel is mounted ; the fourth wheel drives the 
esca])e ])inion, to which the escape ^yheel is fixed. The number 
of teeth in the various wheels and pinions is determined by the 
followinKConsiderations: — The centrearborto which the minute 
hand is fixed always turns once in an hour, the fourth wheel to 
the arl)()r of which the seconds hand is fixed turns once in a 
minute, so that the ])roduct obtained by multiplying together 
the number of teeth in the centre and third wheels must be 60 
times tlie i)roduct obtained by nutltiplyingtog^etherthe numbers 
of third and fourth pinions. Two other points may be settled 
before deciding the rest of the train : ist, the number of turns 
the barrel makes in 30 hours, which is the time allowed from 
winding to winding;. I'our turns would be a suitable number, 
and in that case the barrel would contain 7 J times the number 
of teeth in the centre pinion. 2nd, the nimiber of vibrations 
made l)y the balance in an hour. If 18,000 be decided on, then, 
assumiuf^ the escape wheel to have the usiml number of 15 teeth, 
the escape pinion must make 10 rotations a minute, and the 
fourtli wheel must have ten times as many teeth as the escape 
pinion. The barrel teeth and centre pinion, which have con- 
siderable pressure to bear, must be of adequate strength, but the 
pitch of the teeth and size of the wheels are gradually diminished 
as the train nears the escai)ement. In the last wheels of a train 
small and light wheels are especially needed, so that they get 
quickly into motion directly the escapement is unlocked, and are 
stopped with but little shock when the escapement is locked again. 
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HHbe remarks on the train of a e;oing-barrel watch apply equally to 
[the going train of a clock. The considerations which guide in 
decidingthe numbers for thestrikiiigtrainof a clock are the nura- 
l>er of blows to be struck from winding to winding, the fall of the 
weight or turns of the barrel or fusee, as the case maybe, and the 
numberofpinsin the pin wheel. English lever watches usually 
have either a 16,200 or an 18,000 train. Foreign watches, both 
lever and horizontal, have 18,000 trains as a rule. 

To Calculate Clock Trains.—Divide the number of pendulum 
vibrations per hour by twice the number of escape wheel teeth, 
the quotient will be the number of turns of escape wheel per 
hour. Multiply this quotient by the number of escape pinion 
teeth, and divide the product by the number of third wheel. 
This quotient will be the number of times the teeth of third 
wheel pinion must be contained in centre wheel. 

For Example.— Ta.]^^ a pendulum vibrating 5400 times an 
hour, escape wheel of 30, pinions of 8, and third wheel of 72. 
Then 5400 -^ 60 :^ 90. And ?'>_1_8 _ ,g -phat is, the centre 

wheel must have ten times as many teeth as third wheel pinion, 
or ten times 8 = So. 

The centre pinion and great wheel need not be considered 
in connection with the re.st of the train, but only in relation to 
the fall of the weight, or turns of mainspring, as the case may 
be. Divide the fall of the weight (or twice the fall, if double 
cord and pulley are used') by the circumference of the barrel 
(taken at the centre of the cord) ; the quotient will be the 
number of turns the barrel must make. Take this number as 
a divisor, and the number of turns made by the centre wheel 
during the period from winding to winding as the dividend ; 
the quotient will be the number of times the centre pinion 
must be contained in great wheel. Or if the numbers of great 
wheel and centre pinion and the fall ot weight are fixed, to 
find the circumference of barrel, divide the number of turns of 
centre wheel by the proportion between centre pinion and great 
wheel : take the quotient obtained as a divisor and the fall of 
weight as a dividend (or twice the fall if pulley is used), and 
the quotient will be the circumference of barrel. To take an 
ordinary regulator or 8-day clock as an example — 192 (number 
of turns of centre pinion in 8 days) -H 12 (proportion between 
centre pinion and great wheel) = 16 (number of turns of 
barrel). Then if fall of cord = 40 inches, *" ^-^ = 5, which 
would be circumference of barrel at the centre of the cord. 

If the numbers of the wheels are given, the vibrations per 
hour of the penduhim may be obtained by dividing the product 
of the wheel teeth multiplied together by the product of the 1 
pinions multiplied together, and multiplying the c^ia"Ae\\^.\s^ J 
twice the number of the escape wlieeV teeth, m 
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T- • : ^'i:-.!:-. T-'-iiLTDfi : j rrii-trT ■::.— !: loreiher the centre and 

••■;■••■•«.• - •" *' •" — J'-. T^tr- f-=»r -i- -il = I ••'7. So that 

-' • • " -. " ' v*^. ''■:' ibt :*tT:tTt "wrietl "izt f^i'Lz*t z^iziiozi viTzis 1537 

A: '" -•j:'7i:»f:i:r the es:*£r»e -wreel tv hsve ^j. teeth. 

-_ r : *> Lrii :"t— it f.f = cj:c:"f. Trhrch :s the Titiniberoc 

7"' •- Itr.r:: - :' :'-t T't-iicrim- 2rd therefore the ::i:n:berof 
'.-• ' :••- - hf-ir' :t-r:r.. ::: il'iiks of lhi> clasf. :> eererally decided 
V •.'• --. "'-.--^r. :t :■'■ :ht roon: to "•:* had zzi the clc^ck case, with 
.V , •.■-•.-:::■'.- t h t escs t *t "wh eel >h c»i:Z d s ot h are less tbas 20 nor 
r: ' '• '.'■:. ,- trtth. '"r they»erforn:a::ce will :iot be satisfactory. 
T* •. '.'.• :tr- ' 'tht T»er.dT:]T:is for a" escape wheels within thi? 
-:,. . . —--A.-. :r. tr.e t a*- 'le at the end of the book. The length 
*.:• '■ -•.-•.f"! :- ''■:' i-o-rsethe theoretical lenjETlh. and the readyrule 
' ' ■ : V ' '- y :>.-. V.rnakers is to measure fron: the cextre arbor to 
::.• "••*'.■ rr. *- f the :r>:de of the case, in order to ascertain the 
:••■ ' V -: "•:r:rth of T»endt:Ii!n3 which can be used. For instance. 
:* "' :'. :r.v lertrt ^ir-^^-r to the br»rton3 of the case is 10 inches. 
::.' ;■ v. ',-.>"; '■t'::'^^t t''! use a lo-inch j>endultim. and cut the escape 
-..-. ,,-,,, ,^,-:,, r.y v-;*v the n limber of teeth required as shown 
:":. •'. ' '.' ' >r. I'v-t they woi:ld make the p^endulum rod of such a 
]''.:-*.'■. - •'!< *.<■' c'-eir the V.»ttom of the case when the pendu- 
]'-•'. ■ ■■ ' - f. >: e d : rj th e c! ock . 

I* ' ' ":-:''^r-ri']v haj'T'ens that a clock g:ains even when the 
> 'owered a- far as the case will allow. If then a 
':t f'f: the b'-'tf-ni of the bob the clock may generally 
],f -.-r/vj-t X'i t::::t. 

•>i': ; . .\ Th' '.f- of Ir!;in:eters an-! Circumferences of Circles is given at 

Ill th': '^ locks just referred to. the great wheel has 96 teeth, 
riii'l ;" rirs with a pinion of eight. 

Month Clocks have an intermediate wheel and pinion between 
tlir- ;'n-rit and centre wheels. This extra wheel and pinion must 
li.'j v a ]>royjortion to each otherof 4 to i to enable the 8-day clock 
1 o /o 7,2 «^lays from winding to winding. The weight will have to 
\t*- four limes as heavy, plus the extra friction, or if the same 
w ij'lit is used, there must be a proportionately longer fall. 

8ix Month Clocks have two extra wheels and pinions between 
lh< y\i:\\ .'iiid rc-ntre wheels, one pair having a proportion of 4J to 
I 'A\\<\ ihc otherof 6 to i. But there is an enormous amount of 
i-xlr.i friction generated in these clocks, and they are not to be 
r<'<'<»iinnended. 

Lunation Train,— The following numbers are suitable for a 
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mation train, i.e., a train the first pinion ot which (placed on \ 
t centre wheel arbor) revolves once in an liour, and the last 
leel (which carries the moon on its axis) once in 29 days 12 
tors 44 minutes 3 seconds. 

Pinions of 6, 9 and 37. Wheels of gi, 91 and 171. 

e numbers give the duration of a lunation within a fraction 
t second. It is immaterial in what order the pinions gear with 
^ wheels. Brocot's lunation train is given under the head of 
.Calendar." 

JEotion of the Earth Train. — As stated at page 368 the earth 

fees 365 days 5 hours 48 minutes 49.7 seconds to perform its 
nual revolution round the sun. The following numbers will 
wesent nearly the motion of the earth, supposing the first 
^on to turn in twelve hours. 

Pinions, 8, 7, 7. Wheels, 50, 69, 83. 
terguson de\'ised the simple arrangement shown in Fig i for 
fiicating the age of the moon. The thickwheel of 57 turns once 
B24 hours, and gears with the two wheels of 57 and 59. which 
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feisequently are a little out of pitch. By adding a pair of mitre 
sels, as shown in Fig. 2, the rotation of the moon might also 
ndicated. 
FSolftr and Sidereal Train. — The following remarkably simple 




arrangement for showing the motion of the sun and the motion of 

the stars is b> Ferguson The two wheels are of the same 

diameter as each 

other, and the two 

pinions also. The 

■' " wheel of 6r turn- 

"* ing once in 24 

hours carrie.s the 

sun hand and drives the pinions, which are fixed to^e.l'aiM. "5.\ik. 



I 

wpIxT pinion an\ifs the wh-eel of 73. which carries the starpfalt 

N.'S-K. \ :\!i: ViMe of i>rdinjr>- trains, with len)^ of pendnlnm, « 

<nt-.! .-. -.'icffn-!..! th* S.Mk. -uta xuthl examples of atrikinK and qnslir 

:: i!:is a-: It: ■>.!■ ht- i.l ,.[ yujjter Clootc. * ^ 
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To Calculate a Lever Watch Traia.— The fourth wheel tuniinE 
fw>tiiiKs fur atic lurii of tho centre wheel, the numbers of teelh 
in rciitrc and tliinl wheels multiplied together must be 60 times 
the itroihu-l obliiined by multiplying together the teeth of thini 
and finirth pinions. For ExaniftU. to take the seconds train most 
in use for lever w.itchesbaviuR third and fourth pinions of 8. we 
should have s x S = 64, and 64 x '60 = .1840. Any two numbers 
which when multiplied together make 3840 would be suitable for 
the centre and third wheels. But.unlesssomespecialnumbersare 
desired, the calculation need not be carried further, because it is 
evident the two numbers we already have (64 and 60) will answer 
thecondition. The escape wheel having 15 teeth turns once for 
every 30 vibrations of the balance, and with the train ofJi6,200, 
which is the most usual for lever watches, we have 16,200 -r 30 
— 540 turns per hour for the escape pinion. As the fourthi wheel 
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MS 6o times an hour, the numbers for fourth wheel and escape I 
lion must be in the same ratio as 540 and 60, that is (540-^60 
to) as g to 1. And if we decide on 7 for the escape pinion, we 
we 7 X 9 =' 63 for the fourth wheel. 

fOTB. — With a train of 14,400, the escape wheel turns S times ; with , 
^ 9 times : and with iS,ooo, 10 times a minute. 
Uarine Chronoineter Trains. 
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[ffoTE.— The two-day MarLie Chronometer Train heating 14,400 is 
'J an iB.ooo train, and used for full-plate pocket chronometers, 
atitig for the escape pinion of 10, an escape pinion of 8. 
Ldependent Seconds Tram. — See page 171. 
'ranslt Instrument. — \Limette mcridimne. — Transit-In- 
■.mcnt.~\ — A telescope placed in the meridian and mounted in 
irings so that it may be turned from north to south. One 
'.zontal and three or more vertical wires, or " spider lines," 
are stretched across the focus, 
and by looking through the tele- 
scope the time of the passage of 
the sun orastaracross thewires 
may be accurately noted. The 
engraving shows a very handy 
instrumentof small size, by Mr. 
John Short, which is exactly 
suited to the needs of the watch- 
nnker, and contains special 
ponits of excellence. Thefouuda- 
tion or base plate is made to be 
strewed down permanently to a 
VMudowsiU or other solid stone or 
bnckwork. The entire instru- 
ment may then be lifted on and 
off the foundation plate with the 
assurance that when replaced it 
always occupies the same posi- 
tion without readjustment. 

In setting up a transit instru- 
ment it is necessary before at- 
tempting to take observations to 
(i) level it. There are two spirit 
levels attached to a transit instni- 
ment, one striding across the 
V-shaped bearings, andthe other 
right angles to it. The levels themselves shau^d. V«. x-^^wik, 
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by turning each one end for end when the bubble is in 
the centre. If the level is correct, the bubble will also be in 
the centre after turning. (2) Adjust the instrument for 
collimatton, that is, a.scertain if the line of sight is exactly at 
right angles to the axis on which the instrument turns. Loot 
through the telescope and observe some distant mark that jnst 
coincides with the centre vertical wire — a watch dial makes a 
convenient mark for the'pnrpose if it can be fixed in a suitable 
spot; theureversethetelescopeiuitsbearings, andif Ihewireand 
tliemarkarenotnowcoincidentthewireniustbesliirtedbj'means 
of the colliniation screws at the side of the telescope near the eye- 
piece and the test repeated. (3) Adjust theinstnimentinazimuthi 
that is, ascertain if it point truly north and .south. Observations 
of the polar star are themost usual method of testing the azimuth 
adjustment. Thepolarstarpassed the meridian twice in twenty- 
four hours, once above and once below the pole, and if the in- 
strument is correctly in azimuth these transits will take place 
exactly twelve sidereal hours apart. Correction for azimuth may 
be made by meansof the screws provided for shifting one of the 
y bearings toand fro. The time at which certain starspass in the 
meridian of Greenwich is given the Nautical Almanac and other 
publications. A suitable star having been selected, the instru- 
ment is pointed to the known altitude of the star and clamped 
there. The altitudes given are those for places in the latitude 
of Greenwich, and would require correction for other latitudes. 
Mr. I^atinier Clark suggests a very simple method. Set the in- 
strument, so that it points exactly right to a star, the altitude of 
which for Greenwich is given ; then turn round the graduated 
circle at the side of the instrument till the given altitude is in- 
dicated, and fix the circle there. No further correction for 
latitude need then be made as long as the instrument remains 
in the same place. The instant the star passes the centre wire 
will be the time given in the Nautical Almanac as the right ascen- 
sion* of the star, plus or minus the correction for longitude of the 
particular place where the instrument is fixed. This, of course, 
is sidereal time. (See Time.) 

The passage of the sun across the vertical wire of the telescope 
gives solar noon. As the sun is a large body, the usual course 
is to observe the instant when the edge of the sun enters and 
leaves the centre wire, and take the mean of the two. This may 
be converted into mean solar noon by correcting for longitude 
and adding or substracting the amount given in the equation 
table under the head of " Time." 

Trial Number. — [Somaire ifessai. — Die Ganffniimnier.']— 
A s\nibol used to express the relative excellence of watches 
" The rifrht ascension of h star is really its angular distance reckoned not 
fie^ees, but in sidereal lime and measured eastwards along tiie Equator 
m\ the point of intersectiow of ttie ^.c\ii'Aot a.i\ii tc\\yAc, ^ewerally 
Ued the first point of Aries. 
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i chronometers in competitive trials. The Greenwich method 
Barriving at the trial number, which is also used at several 
^ign observatories, is to add to the difference between the 
atest aud least (in seconds) twice the difference between one 
^k and the next, 
ripoli. — [ Ten-epourrie. — Der Trippel^ — Au infusorial earth 
i by watch jewellers for polishing Jhe softer stones. 
Irippuig. — Manquemenl .—\^Das Vorbeilaufcii { Ckrotwtneler 
hnmung).j—ln an escapement, a tooth of the escape wheel 
bning past the locking face. 

jTrunk Dial. — A spring timepiece with a large dial, below 
pich the case is continued for a few inches to admit of a 
fer pendulum than could otherwise be used. 
fumbler. — (See Gathering Pallet.) 

— [ Tour. — Der Drehstuhl.'] — A small dead centre lathe 
which watchmakers turn and pivot arbors, &c. The work 
Centred in the turns and has a ferrule fixed to it, so tliat it 
y be rotated either with a bow or by a cord connected with 
feheel to which motion is given by the hand or foot. 
Everyone who knows anything of watchmaking is tolerably 
bversant with the common turns shown in the engraving. 
pey are used for turning arbors, pivoting generally, and other 
irposes. To make the best use of the tool a good stock of 
fcners is a necessity. Steel runners with male centres are handy 
nen turning bouchons or other hollow pieces. Brass runners 
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like Fig. 2 are used for polishing pivots on, and for repolishing 
pivots that have become marked; some watchmakersusean ivory 
bed. Thin edged brass runners with small holes through which 
the pivot projects, as in Fig. 3, are used for rounding pivot ends. 
A runner with a hole in the edge large enough to allow the pivot 



k 



Fig. 2. Kig. 3. Fig. 4, 

enter up to the cone is used to support t\i& ■$\nqX -JiNv-X.^^ws.- 



::-.: ■:^ v ;:: :-^.i-jc v-icnl. >:uirc:z:ir> a broad-beaded 
^■- \ - :- . :: .: i:::^ .'ir. ::'=--. i.-? :z ?'i^-. 4. to support the 

• ..: V : : • . -.:. : ^ -.ri..^:: j; •.".-. >cc also Lathe.; 
T'xm;ji,^ Arcor. •'.—>••■ J -.1 .::-:. — An arbor on 

:: - -.: -:■. .: :i.:.i ::!•:. i-11 JLJ-- J. ivrrule fixed to it. I 

T'iJ'TiJJi^ F«*ntiAa*. .-i^^t: vx— —••:>. — Z^c-r drehbam 

■ f^ ■ ' ' . : i.': : . ::•■:;:: I "-li= : •:-!-::' a watch case from 

:« . ^ V-. ••- .: '*':■: :•. *. - izzs'i'-z-i '.:■ i collar which turns 
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TTirr-dS Clock. ,' *- - •- '. ~ — ^ :■: Tnurmuhr.''j—k 

.5 ^ ■ ;. :'•.:.::: i.- irt i: -::«:: :'r::u the movement 
\"'. i . : —: : : . • . c v -ii*. ':! i :: T*. ■?j>:blc be arranged so 

«.- ^. 1 ■:• . :j . . :- vt:^:!!:. iiii .z ihe >anie side of the 
• • :•: ' r : : ■,- :: n : :n ^ ; r r . •! : >. :: this latter is placed 
• . ! .:: a-'-r^ **v"2^r= ^luiie pulleys are used to 
:■ :■ ...... ^.^. ivi ■-::r: 'lie liirrcl. not only is a heavier 

^.. ^ ....... ..... .- -;v^.-._. .vv". :c z::rt or less trouble from the 

.^.. ... .^ . , J . : *■: - yc 1*'-?; larrtl -hould be of iron, cast 

• . ; ■ \ -. - I •:::::: ' i ■ : i . - :: ^ -h w: uli be determined by the 

I c : 1 ■ : -• : ^:i^l '-v-.r^ rope should be used for 

: ■ i r -. : . : • , :-••.: ^ a x i ^a:,-. a:: i :r.e larger the barrelis 

....... ^ .... . .^^. - ► .. - - - -.v : :>. X •. x: :> >:iiall barrel there is danger of 

.. .y^ . ... -. yv:>. 1: JL vullty :s used \\-ith the weight, it 

I - ^v : : .: : lu: -,' : c r . Whc u the leading off rods of a 
.: :!^. , T^l: . -ili *: c male large in diameter. It 
.--.: :• ;.. ^ :• w v\r'\:' ,'. .ck< w.th large cials and long and 
<:. ■ .- .:■-,: :: '• I S •-. I :;. j';::>:.Lcrably ::i their timekeeping 
:- ■ ■ -. . •..'.-:■,: - :!:. : .•'.-. 1: :s::o: the weight of the hands 
.i! - - ■: : •. ■•.:'.: . :".:^ -.v:::.: .. :: :he hands, which has to be 
:. r< -••••::••-■ i '.-.: : : •. : L . :: >:t al >■:■ the de^irabilitv of counter- 

■'..:*.■-:■-; : ■> ': ■•: > .> :.ir .i> vo»:'. 1^.- o:: the c\v /:?/£/<: of the dial. 

A ::: ■ :: ^ : ' i -^ .- .i m --.-:": .i: : c ci >: o ::al 1 y lead to the failure of turret 

<:!'' :'<-. I j\:::-^:;: ;■: ,i:r .ic::::^:^:: the pendulum is one of the most 

•a:-.;, re the' vendultim is a long one. Pinions 
' '.. r .1 : !:-..' : ■ >• : - :*.; .il 1 : *;*.a :: too large. Large pinions, added 
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«. V. i:-.: m: .rv/..: ::; -...:::e :\l^t^ o:" the train, are responsible for 



i:i?.::y -:<*•. j..ue-. \Vi::i heuvy hands, want of lubrication, or of 
fr'jt'io::! ::: the dial work is also a source of trouble. 

Westminster Clock. — The movement of the Westminster clock 
ir L'^ntaiiied in a frame made up of two cast iron girders fifteen 
aiu! a half feet loiigplaced side by side four feet apart, and braced 
to;;etlifcr. There are thrcetrainsorsetsof wheels, each onedriven 
]ty a separate weight; the "going" or •* watch'* train that drives 
the hands, and is controlled by the escapement and pendulum, 
occnpies the centre of the frame ; on the left hand in the draw- 
ing on page 385 is the hour striking train, which only moves 
" an hour when it is released by the going train, and locks 
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(elf after it has struck the number of blows corresponding to 
e hour of the day ; on the right is the quarter train which is 
teased by the going train every fifteen minutes, and chimes 
ther one, two, three, or four quarters as required, and again 
|:ks itself. 

sithasless to do the going train is hghter than either of the 
king trains, and in all three the strength of the wheels and 
lier parts is greater near the weight barrels, and is gradually 
niuished as the velocity of the parts increase. In the going 
fain the parts near the escapement can hardly be too light, for it 
pecessarythatthey should get intoaction quickly, directly they 
fcunlocked, and give as light a blow or shock as possible when 
fey are locked again. The four pairs of hands are driven by four 
rizontal minute arbors placed high above the movement, and 
ding each one to the centre of one of the dials. Each dial is 22 
(t 6 mches in diameter, and has separate motion wheels for 
Jducing the rateoftravellingofthe hour hand, the motion work 
Kngcarriedonthewallsoftheclock room. It will be seen from 
Ib drawing on page 385 that connection between the movement 

Sid the minute arbors is made by means of the oblique shaft, 

a, and the mitre wheels, 6, c, d, and e. 

The nurabersofthewatch train are; — great wheel 180, driving 
a pinion of 4B on the right for the hand work, and one of 
12 on the left ; ou the arbor of the latter is the second wheel of 120 
driving a pinion of 12, whichcarries the third wheel of 90, driving 
the escape pinion of 9. The great wheel is 2'. 3" in diameter. 

For striking the quarters the four-armed cam or snail, ^, turns 
once in an hour. It is gradually pressing down the lever h, and 
allows it to escape once every fifteen minutes. The quarter train 
is held by the locking tevery, which rests on the upper oueof two 
blocks on the lever k. The lever h acts on the levei k, and as the 
quarter hour approaches the lever k rises and allows the locking 
levery to escape from the first locking block to the second one, 
which is rather lower on the lever ; this allows the train to move 
a little and cau.ses the noise generally kuown as warning. Exactly 
at the quarter the lever k falls free of the locking levery, and the 
train of wheels begius to run, the lever k being lifted sufficiently 
high by thecam / to disengage the tongue m from the notch of the 
locking plate or count wheel n, in which it is resting. If one 
chime onlj- is to be struck the tongue m descends into the same 
notchofthelockingplate, for that notchiswideenough to receive 
the tongue again after the small angular movement made by the 
plate, and the upper block on thelever k catches the locking lever 
/as it comes round, But at the next quarter, after one chimehas 
. been sounded, the tip of the tongue rests on the peripheryof the 
locking plate till another chime is struck, when it falls into the 
next notch. The locking plate makes one rotation in three hours, 
and it will be observed that it is spaced out to allow of three sets 
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; • : -'j'^. V':i -"-ir— .il< ':tsr..«eT*a the hatumer blows is kept 
:••*.:•:' : : i -i-:-:.L- jt :: the JL:r against the revohingfly^, 
\ • . • - : •■ •• >^-.: .■ . :■' ; .arce ? lj.de> of sheet iroo. 

V-, r: • -;: .; f :lvi .1:1: r>:r:ki a g is very similar to that 

. . ■ ^. . : ■^. ;, : * ^ ; ...L:::ir>. ixcx:!"*: what there is a double warn- 

■ ;. V ' , ' ■•"- : -w- V ".^ :ri::*. :> cieivi by a stop on the locking 

> . -.-:.: ■^■- -^i :*i -vy^Lr o: :wo blocks on the lever/. 

k . •. ■ - .;.- >. Ti :;.i ".i.^ir :l:e locking lever falls on to the 

■■ . ^.■v ■ - :- i i-s:-.: :l:-.r:y seconds be to re the hour by 

• . - : •■ * ,■ ;. ~i ■ ■ ■;> -"sTe ::: jl:: hour*. The locking lever 

-.■.-. .:. >;;.;... •:. !.iver:.is:::: lever till two seconds be- 

■ \ : ■., ■. -.i . ;. -7.-1:. ::: :l:e second wheel arbor which 

.. . \' r.ii-;.:*. :i::::-:es allows one ex t remit v of a 

-Lv.-i u*i ,^:her extremity then hits up the 

.IV. i ~ili-i^> ilic locking lever. By the time 

■;: i ..I *.><•.: :l:i r.rs: >:roke is sounded on the bell. 

- >:r .V." <. :.:i Ic-vtr -• is held clear of the lock- 

... J. :.-.-.. . :l-.i :;::*: v.e o:; uie lever then descends 

.. ; :j.. ,". :l-:i l^ck.r.c relate y: at two o'clock it is 

: i i/.jLi . :" :'.:c yl.i:e v... :wo blows have been struck, 

.:.-■. - : i . cv."^ y..i:i -.vl-.ic:: :i:r::s once in twelve hours 

V ^ .. .... -- .> :,' A... -A all ::*.e hours to be struck in rotation. 

.'\: : .-.. - /.i . : :.'.i i:Tia: -.vheel .s of tiie hour part are ten 

..:.v.-- .. . y :.->•■•./ ,-..- w. :l:c liver, which through the inter\'en- 
:. -. -..-./^ Vi v.-yc <.■.-• -A-:: v:::heara w:::g raises the hammer of 
;.-.>; .L.x..: . .., .■. ;.u .*".:.i:" :x: .iVcve. This wheel is 3 feet in dia- 
:-...:.: ....- .-. ix %.:.'. j.::.". .:iar>\A~::h a pinion of 21 : the second 

■ .-._ . •...- .1 :..:".■. .i:-,.l c^-.^rs -.v.ih .1 i^::::ou of i^ or the arbor 
. :.■.; . ..N.v.. "i- .: I'.'.c cTi.i: wheel of the quarter part (j') 

> : ... : .v. ...,•--. "i u : . ,■.:•..: th;; suic of :: :> spaced out for 60 cams. 
1' . ■. . - ^ . •. . V ". . ■. . -. - . - .^ : c ;. : 1*. . 5; ;; a r. :: c w i : h a pinion of 20 ; the 
>vv ... .V ".'.vv . V . x.c :;:c:h c*. =.:> w::h a pinion of 1=; on the arbor 

. \ ; : .-. .* '.•. ;. xl : .^ : "•. c v 1 ^^ c k f r.i ::; c o vo r :he hour st ri ki ng lever is a 
>::.:-.... v/.r/cvl >y:-.:-.c. .■•> >how:; ::: :he drawing, to check the 
v.y A .-. : .1 :v. ." :: v :: v f :l:c .ever. The le:: gih of the wire rope connect- 
:::•: :h> lev^r \v::h ihc Veil ha:::::ier lever is so aojusted that 
tl'.c ::.\ :::::: er :s l:f:eJ. a fur :he last blow is struck ; when the 
:ra::: :> Jii;vi::: relc.iscd :he l:f::::g anu is disengaged from the 
ca:i: a: or.ce. aiui the ha::;:ner immediately falls. 

Ti > ::ia:n:ain the \-ibra::o:i of the pendulum during the twenty 
:i;i:iUte> or >o thai it takes to wind the going part of the clock, 
Mr. Deni>on invented a special kind of maintainer. The back 
bearing of the winding -pinion arbor is carried in a loose link 

• Tliefour-aniie<l ."iiaii attached to the hour snail is for actuating a le\*er 
which stops the winding of the quarter part when the time for striking 
the quarters approaches. 

t L'n'ler the head of •' Striking Work '* the action of these cams is 
fihown more clearly. 
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slung_ from the barrel arbor. To obtain a resistingbasesothat' 
the winding pinion should not run round the wheel with which it 
gears, a click presses against the ratchet teeth on the side of the 



1 




great wheel, and so drives the clock. But as the great wheei'i| 
travels on, the back end of the winding arbor in following it is 
taken out of the horizontal line and soon becomes sooblique that 
the winder has to stop andletitdo-wnto\lsuotm2i'^vCw^^'jEfiJ-'^- 
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Though this inniiitaining work is ingenioiis.it is IKK in mTJii^ 
tnrnt so ^o()(1 as the continuous sun and planet nudat&nei 
Kor ('locks of moderate size that takebnta few minutes to vis^ 
I wotilil prefer a spring; maintainer. 

To obtain a sufficient purchase in winding the bom- sn 
«|tmrter jiarls there is an intermediate wheel and pinion toead 
iintl the hearing of the arbor of the intermediate pimon i 
lo! metl of an eccentric bush, so that the pinion may be readil 
iliNcn^'M^ed from the wheel when the time for strikiDg a] 
|noiu*hes. or when the winding is completed. The honrpinio 
IS Mhown ont of v^ear, the lever attached to the eccentric beii 
ptir.hctl away from the spring catch, while the one for tl 
«|tiaitrr winclin^j is shown in gear ready for winding. 

Tin* dock frame is not in the centre of the room, bntplact 
ho i\^ to allow a space of about two feet clear from one of tl 
walls. \{\ which a very strong cast iron bracket is fixed, an 
ln»n» this hraeket the pendulum is hung. 

The hells are arranged in a chamber above the dials, ai 
]\\\\\y\ from massive wrought iron framing. The hour bell is 
Icct in diameter: is 8j inches thick at the sound bow. and 
weighs 1,^ tons 1 1 ewt. It is struck by a hammer with a ca 
in>i» head wei^hinj;: 4 cwt., which is lifted 9 inches vertical! 
and 1,^ inches altogether from the bell before it falls. Thei 
WW lotir t|tiarter bells weighing respectively 78 cwt., 33icwt 
.»f» ewt., and -m cwt. 

The hammers for the cjuarters are each about one-fourtiet 
o( the weight of the bell it strikes. To prevent the hammei 
ianitu'. i>n the hells they are kept from contact by indiarubbe 
bnlleis tMi which the shanks fall. 

Kni(;fhtBbrid(fe Barraoks' Clock. — On page 387 is a sketch of 
tnnet movement hv Messrs. Thwaites and Reed, which is fixe 
at Knie.htshrid^e barracks. The clock has a zinc and iron pen 
dnhim. lUudde three-legged gravity escapement, shows the tim 
on loin six feet dials, and strikes the hours and ting-tangquarten 

The wheels and pinions are of the following numbers:— 

r.tMuii Tnun. Wheels 120 96 90 

IMnions 10 9 8 ^ 
Minute Pinion (gearing with great wheel) 40. 
Stiikiag Train. Wheels 120 96 

IHnions 10 8 

at") cams on main wheel to lift hour hammer. 
(Quarter Train. Wheels 120 96 

IHnions 12 8 

30 cams on main wheel to lift quarter hammers. 

The great wheel andbarrel for the going part occupy the centre 

of the frame, and the remainder of the train is placed horizontally 

on the right. The striking train is arranged on the left, and the 

quarter train on the right of going part. From the arbor of the 

hands dial, the bevels for the hands are driven. On this 

r, behind the set hatvd^ d\^ N^b^cb. oioticeals it, is a four- 



tned snail or cam which everj' quarter of an hour depresses one 
1 of a lever, the other end of which then unlocks the quarter 
ting plate, fixed to the end of the quarter barrel. Three pins 




may be observed sticking out from the face of this locking plate. 
As the plate turns once in three hours, and thesepius are equidis- 
tant, one of them at every hour depYesses o'Re. «iii6i liS. N^^ Vsa; 



»* rther end to 
•^ .::L-i^ =r.: ->: r*Iesse the striking 
n^ nrirt^ ftre? of the striking 

. 3r>eofthekind 
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-.7^: r^j.. v" fcT-Iizi-c Work, where 
r^ • ..i-L: -e-Icriuc 2> fzlly explained. 
"T.^:-.-. .> :::: iniziTle cf a good and 
^■"^.t: ■.- > rif^r^i iji^i the striking 

: •-.:- iru s.t-'c:: £ :i? let off by a snail 
*. ■ i:^! -■::-t>:.:*i : f letting o£f the 
'-:- w;:::-^ t:.i^±. i:?- here employed, 
-.. ..x- ri:;::r:::=- i:r«i tJie frst stroke of 
.■ ::-, .r. it .: ri-t rrter-ral is constant. 
f -ir^v Trr- s- rm-.^". i-d maj'practi- 

T v*. ^r. iitt :r?t-ik::zr<5Criin for different 
•» "^ -- ~i^i**r^ Ni viZ ini Co-'s tests:— 



«c S>r 



A.-.' ">^' 1""^: :c?" ijijo 




^ --■.<■•-;'■ ■ iV.-. ^ !-=--^: i-ii?errr«e:* jT^vanizedornot. 

5i5r^ .^" — /':. •/ '•y~-T^-i-/ — Spring fingers 




f": r7't-r>:- 7 :.—»■-<- i-- ^- ir. 7.r.Aer :r.e heads of Balance 
H'.—. ~\ I'.j : . /-- : -J. ' —A vj-rety : :' the '.ever escapement in 



■* icrlor.s are di\-ided between 



1 7- ', T z: il' r : '- i 7 : - > : " th e r : V. er ar. i one in the lever. Latterly 
•.?.*: '.-.vo TnV-1 7:z> :- the r:l'er are discarded in favour of a broad 
^r:': o: ;e".vr.. >ee ^ever i:. 5 casement. 

Unlocking^ Hesistance. — ^/^i-s:s^d*iir an degaganent. — D^ 
Au\i6\ung:ivideriiandr — The resistance opposed to unlocking 
hy tlu: adhesion between the locking faces of the pallets and 
llj<-iip", of the escape wheel teeth, and in the case of lever 
j/fill'-t'* by ^^\i'. draw of the locking faces. 

Up ftnd Down Indicator.— -^Indicafeur de haut et bos.-- 
/hi Aul tnid Ah H^/'r/r.]— Mechanism for indicating when a 
Will/ h *'» ' hioiioiiH-li-r requires winding. When a fusee is used 
'Mhllv nn-oinplishi-d. A pinion on the fusee arbor drives 
\\v twti HO \>vn\u>r\.\o\\^id \.Vv^\. \.Vvft yrheel makes some- 
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^ng less thau a turn during the period from winding to wind- 1 
V- For instance, if the fusee makes 4 turns, ij teeth in the 
pion and 60 in the wheel would cause a hand fixed to the 
r of the latter to make 8 of a turn for 4 X 12 = 48 and 4S 
C60 = 0-8. 
iThe up and down hand usually travels through g of a circle, 
3 a pinion of ro is generally used. The number of teeth in 
^wheel can then he readily ascertained bymultiplying 10 times 
p number of fusee turns by 6 and dividing the product by 5. 
Up and down wheels for J of circle :— 
4 turns of fusee 10 and 48 
4S .. 10 .. 52 

8i ,, ID „ loz (2-day marine) 

16 „ 10 „ 192 (8-day „ ) 

fero-day marine chronometers have sometimes a pinion of 12 
ud a wheel of 120, using a trifle less than f of the circle. 

With a going barrel the application of up and down work is 
not so simple. In the first place, anything fixed to the barrel 
arbor or the face of the barrel diminishes the width of the 
mainspring. Then, although a wheel fixed to the barrel arbor 
would cause the indicating hand to travel one way when the 
watch is wound, the hand would not return with the running 
down of the mainspring, for the arbor is then stationary and 
the barrel moves, and the fact that both the arbor and the 
barrel move in the same direction renders it still more difficult 
to devise a satisfactory up and down work. Appended are two 
of the best examples. 

Samuel Stanley s Patent TTp and Down Indicator.— Here the 
wheel A gears in the barrel teeth and carries a small wheel 




Samuel Stanley's Up and Down Indicator. 



planted on its face. This small wheel gears in and revolves 
around two wheels of equal diameters, but of unequal or 
different numbers of teeth. The arbor of one of these two 
wheels carries the up and down hand r the cannon of the other 
wheel passes through the top plate and has a wheel attached 
to it, which is connected to the barrel arbor by an idle wheel 

H and a pinion. 

Hk While the watch is being wound the m.echaTii¥.ai.\s-M5.Nia,"yeA. 
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by llif Imrrol ar1>or, the two eanal diameter wfaeels 
nnd the- tip and down hand moves. As the 
niCM'hiini.Hni is actuated by the barrel ; one of the eqisd dzsaKfic 
whrrls is dead and the other turns by reason of its fifeeC 
ntiniher of teeth, and the hand moves the reverse war. Tds 
indinitor has the great advantage of beings easly madeaad 
fitted to any existing; rocking-bar keyless watch. 

Donne'i Patent Up and Down Indicator. — ^This is here shovnm 
eonitinetion with Donne's resting barrel as already described 
un«fe! the head of " Mainspring," but it is equally apf^caMe 
to onlinaiy going barrel watches and clocks. 

Upon the arbor fl is loosely mounted a spur wheeL wiridi 
gears with the main wheel, and a similar wheeL which throo^ 
an idle wheel mounted upon the pillar plate, gears with& 
winding wheel. 

Th«*se wheels are formed upon their inner faces with contiatc 
or lievelhMJ teeth, which engage the corresponding teeth of an 
Intermediate bevelled wheel, mounted loosely upon an axis fixed 
to the arbor a. Kotar>' motion may be given by either of the 
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Donnk's Vv and Down Indicator. 
eontrnte wheels to the arbor «, whilst the other contrate wheel 
remains stationary, so that when the winding wheel is rotated 
the lip and down hand will be turned in one direction, and 
dtiiing the rnnning down of the mainspring the main wheel 
will give motion to the opposite loose wheel and the up and 
down hand will be moved in the opposite direction. 

TJprighting. — [^J^lantagc. — Das Pla7iiiren,'] — A method of 
ensuring the correct position of a pivot hole in a watch or clock 
plate with relation to the corresponding hole in the opposite 
pltite, so that the arbor which is supported in the two holes shall 
be perfectly upright, /.<•., perpendicular to the plates. 

uprighting Tool. Table Tool. Drilling Tool.-- 

\^OutH h planter, — Die Plajitirmaschmc,'] — A tool for uprighting 

and drilling. The engraving shows a very good example of a 

tool of this kind by Boley. A pillar at the back of a table on 

the work is laid supports an arm. This arm terminates in 
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ing hole exactly over the ceutre of, and perpendicular to the 
le. A perfectly cylindrical arbor or niiiner passing through 
hole carries at its lower end a pointed centre or a drill as may 
required. At the top of the arm is a ferrule so that the driU 
der may be rotated for drilling;. Two centring runners are 
iwn with this tool, one for passing through the hole carries 
ts lower end a pointed centre or a drill as may be required, 
the top of the arm is a ferrule so that the drill holder may be 
ated for drilling. Two centring runners are shown with this 
1, one for passing through the hole in the arm, and the other 
passing through a corresponding hole in the table. The 
:er is handy in cases where it would be inconvenient or im- 
.cticable to upright from the top. Chucks of different sines 
holding the drills are provided. 




3tief requirements in an uprightiug tool are that the holes 



:: ::: :.-r. :.: :: '^::: '— "- t'^--' :«= inaculj ipposite and straight 
V .. :.. .::;i . -:- '.rzTi=-ZJ- i»=r-:t=::.fic:ilarwith the table. 



:- ..- .:::■-. rii: r::r'"=r liTTg ih.em should pass 

- 7. :.. ; ..^-.l:. -^. ":i.z:2:£ Tlie readiest way of test- 

: . • . -■•_-. ::c^rf-:.z..r:-..L-' i; "ii-t iihle is first to ascer- 

:::^-.;-. :.■. -.■.::::=:> ::. rim «. i :e^^ of wire extending 

; V i::: r:-ri :: ii:± il:l=. The point of the 

-:. :. .-..-.: . . : ../^ ^. i. r :'":; rug lie runner the toc 
V. :::: i^..z rv.-.Ln:: ziLt i^i^e distance all round 

- - . .. ..•: : .. i^cr-L T*: irrih z:w as formerly, for 

;.-, . .-.:_>- ;^rt LZiT*:c-ztly ez^tired if the work 

-.:..-.- ■. .-......'. > : V ^=:ii=r:z^; rrrferred where extreme 

- . . , : - . - • . .. • r .. rl . v^":r fr^n ihe readiness with which 
:; , -. .: ...; ;:^:^. ;i i iLiut !:•:!. it is not without its 

Tfij:vLrT — ■ ' . — -'- .'-::s.-fL-7tirji«rV.] — Speed; rate 

Teirk.-::— a: SkOiaiL — 1 : : :ii::-Z lit Hire : :" ihe striking of a clock 

- .: ; - .^ . ^ -..: ..-. ^ :.:v-:.^r£. i. c:rrrct:on should be made 

-. - :: ; . .. > u: :. vm-:m iz i. ti— r»erar^re of 50" Fahr. is 

...; i- . «^i . 7:.-i --.r£--r?:c : f Ire wind, though it may 

.: Ti : - , . . i : -.r.i >:'ULr ^r:*zli =:•: afect its velocity. 

Tfcrc*f - .. —.■... SrTK^^:. — ^ht pallet axis of the 

Tfr-tTr. c.r J^:-K^ Wieei" Escapement.- 'Echappc- 
»' ' . ' ^ - . .* • :. .' . v? »;. i '.y — A recoil escapement in 
• ...:.. .. ^ . ...^. . ..- r >^: i.: -5l:^lrgle< to the axis of the 

7 - L L . ,: i :.. L .-.:..;.-: T r: *:*= : ly c :' all the escapements is 
i^'::-- :. .:. :..= ;.. ^:_ -.:.^ Si Z2< ro rretensions to accuracy in 
Z7tyt-s.iz :: f-.i:Li --^:i]:»cn=ri5 j^ the lever and chronometer. 

7 It 11.1-^:^; ::. t_/l^ e^-^ir-enert 2: as no free arc, and its 
^ l.=i::-i :: i.:*:.:! ::- each way. The escape wheel. 
-. hrcl 1- :: :? called. ha> generally either 11 or 15 
tfctth. i::! :r, tht ;. l:Lr. ::' the watch its arbor lies horizontally. 
The "r^alir.ie -tar. :r ver^re. is made as small as proper strength 
will alio-.v. and planted clor^e to the wheel so that the tips of 
tlj'- K-tiii ;;:-t c.tar it. The pallets, which form part oi the 
v<:r;.^c-, ;tre j^iacta at an angle of 95- or loo' with each other. 
'J*li<r latter angle is generally preferred. 

'J*lit! /I rawing is a j>Ian of the escape wheel and verge as thej' 

li«* in till- waU li. Tlie width of the pallets apart, from c-entre 

in < «iitH-, is fijiial U) tlie diameter of the wheel. A tooth .ofibe 

«w HlH- wlicrl is jnst leaving the Upper pallet (^:); asitdrot^off. 

nmlfi loiiih will reach the root of the lower pallet (a%W 



or ■ :r. 



b motion of the verge will not be at once reversed. The escape I 
ieel will recoil until the impetus of the halance is exhausted. J 
Verge Escapement. 




a. Escape Wheel | b \erge | cd lallels 
e teeth of the wheel are undercut to free the face ol Hit pallet 
ing the recoil. 

tenerally in French, and occasionally in English watches, the 
llets are even moreopen. An increased vibratiouof the balance 
fl less recoil can be obtained with a larger angle, but to get 
Scient impulse the verge must be planted closer to the wheel. 
Us necessitates cutting away a part of the body of the verge to 
W the wheel teeth. Tiien, as the wheel tooth impinges on the 
llet almost close to the centre of the verge, there is more friction 
■ the pivots, and the wheel tooth gets so small a leverage that 
\ escapement often sets, unless the balance ik very light. On 
fe other hand, with the opening between the pallets only 90°, as 
'in many En ghsh watches, the vibration ofthe balance is too 
J and the recoil too great. An opening of about 100° av'>ids 
E drawbacks incidental to the two extremes, and may therefore 
Kadopted with advantage. 

p!'o ensure good performance the body or arbor of the verge 
buld be upright, and when in the frames and viewed through 
e follower potance hole should be seen crossing the balance 
wheel hole of the dovetail. The position of the eye should be 
in a line with the arbor of the balance wheel pinion when in the 
follower ; the drops off the pallets equal, and the balance wheel 
teeth true. 

Vernier. — [ I'emier. — Das Vernier.'] — A secondary scale for 
obtaining very exact measurements. If a scale already exists 
in which inches are divided each into 10 equal parts, and another 
scale having-^ ofan inch divided into loequal parts is applied to 
it so that tne two scales coincide at zero, they will also coincide 
at -?s of an inch, but nowhere else. Starting from zero the dif- 
ference between each of the first divisions would be 7+^ of an 
inch. The second division of secondary scale would be tJ^ short 
of the second division on the primary scale., au4 *q at- ^o.-'iSK., 



^J<W>da 
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_ scale wtre coincident with i 
AeseeoBdart-wouldootbeQMdeii 
■c so cooBCKle. as many ihi of a 
ttg^sia o£ the primarj- scale* 
" ed before oite coincided 
(See Slide Gauge ami 



It in which the palH 
F » act tt r^t ragle^ to the axis of tbe 
•jSee Vescc E atiqi e ui ettt.) 





„ d one monug jaw, the distance 

cs-SesenUy r^olatol by a screw. For neatly all 
cOed with vntcfamaking either the work or the 
tool is gripped is the vice. The old staple form in which the 
jaws opa» at an angle is rapidly giving way to paralled vices, 
of vhich one is shorm on the left hand. 

Yitt fliMi — Shields oi wood, usually beech, or of .soft metal 
ate interposed betiveen the Jaws of a vice and work that has been 
polished. The hinged brass clams shown in the sketch above 
are %-^n- osefhl. They are kept open by means of a spring. 
Besides afibrding protection to the article gripped, they are 
' serviceable asabrassstafce.andwithholes drilled in them answer 
readily for many purpobes in which a riveting stake is used. 

Vienna Ijiae.— [t"*««.t de I'uMM.— ll'imer A'a/i.J— A 

polishing medium much favoured in American factories. (See 

Polishiug, page 285.) 

Virgnle.^ I'irgttU. — Diei'irgviAemmu»g.'\—Aj\esca:pzmta\ 

' having points of resemblance to the vet^e and to the horizontal. 

Obsolete. 

Vulliamy, Benjamin Lewis (bom 17S0, died 1855). 

[ Succeeded bis father as a clock and watch maker in Pall Mall, 

1 and established a high reputation forlhe excellence of his work. 

V He was the maker of the large clock at the General Post Office. 

timd published a pamphlet on the construction of the dead-beat 

cucnpcnicnt for clocks, besides other small technical works. 

Warning:.— [y'D/o.—^w/ra/J— The partial unlocking c 

Ijjpking train. (See Striking Work."! 



ig of^l 



Vapning Piece. — {^Dilmte. — Die Anlaufpaltek^ — In a 
Bkiug clock, a finger on the lifting piece that holds the striking 
nn during the interval between warning and striking. (See 
pking Work.) 

Wamine Wheel.— [./?o«f de iolo.—Das Anlau/rad.'] — The 
t wheel but one in a striking train. It carries a pin which 
s on the warning piece during the interval between warn- 
^and striking. (See Striking Work.) 

TTatch.. — [^Afonlre. — Die 7iwrACTiaA?.]— A pocket timekeeper. J 
LeBJiing and Kepairing Watches. — Before starting to clean &I 
bch it is well to note any faults that can be ob.served, especially ' 
eh as would be likely to interfere with its going. The con- 
nction of watches is so varied that it is difficult to give iu- 
iictions that shall be applicable to all alike ; but, after describ- 
I methods of cleaning, I will add the procedure of examiua- 
j and repair of the type of Swiss watch most commonly met 
h. Many of the remarks will be found to refer just as per- 
lently to an English watch, and the special features of the 
" ■ are dealt with fully under the various headings of the 
Presuming this preliminary examination to have been 
:, and the mainspring let down, the movement is taken 
, the various pieces with their screws being placed in a 
iveraent tray with partitions (see Movement Tray) or a 
ivement box similarly arranged. 
Formerly the plates, wheels, and pinions were cleaned by 
tshiug alone, and this practice is still followed by some; but 
mersingthe pieces in a hath of some detergent is the method 
e generally adopted. Benzine, paraffin, spirits of wine, 
fssences," composed of petroleum and sulphuric ether, soap, 
wdered hartshorn in spirits of wine, and other preparations 
b used for this purpose; some of these are good iu particular 
fees, and not so suitable iu others. The most difficult watches 
■clean are those that have been lying by for years, or in stock 
T^ a long time, or used by any one whose body or avocation 
■nishes the gildiug or thickens the oil. 

BmsMog. — The plates are first wiped with a clean 

jis leather, the work is then heldintissuepaperand brushed 

ha circular motion. The brushesare cleaned by rubbing them 

i chalk, a dry crust, or a burnt bone*. Common chalk is too 

Rrse to be used with safety. French prepared chalk answers 

tter. There is, however, a new composition called "Calcinas," 

[atcleansthe brush more thoroughly, and hasarenovatingeffect 

the gildiug, aud should be preferred. The leaves of all 

faious should be thoroughly cleaned with pointed pegwood. 

flSenziiie and Paraffin may be taken to be as good detergents as 

any for watchwork. If the oil is apparently iu fair condition it 

* One of the lar^e boiies from a cow-I)eel is said to be the best. This, 

After being well boUed, ia placed in a rather alow £re for au hour to two. 
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'. ^. •'-.--- • : rr-rror^i ihe i^arts in benzine and theabnsi 
: -. • ^ . -. --.^r. Perfrcily clean benzine shodd be 

^^ -. - -. .-.: ~^-.'. -.net spring. When the oil is TCTf 

: . - : \- : '^---.r;:: nrst and benzine aftem-ank 

^ " *.- .-.-:. ^..^r^ 'r*e tarnished, treat them irrJi 

..^. , ■ . i. ::r.r.eriheheadof**Gilding." AllscTCTS 

^' -. - - -, -v. -i <;:: -ecting the parts to the cyanide. 

F..--:^ --- ,--•::./. -x- ihoroughlj' cleaned by twirlbg 

■->,". -^eo^viod. the soiled point being rct 

- - -,.-.-.-..1.7 — ihat is. until it is cleaned when 

\-v-v* hviies are also pegged, but will be 

- - *: i .'.tri-:::.-:: in this direction after being 

T -, - ^ - . . ■ - ~ < • : - i-^ ^ :: :i :: *. rl al wa \-s be rem o\'sed and cleaned. 

S . , . . -. ri-.^i-s require great care in handling. 

>, - . . \ -^ -^ -'.:'-:-iV^ hes: ::: one direction by drawing the 
■■ ->- ^ : -. - • .i :::i- ;-»re held in brass tweezers or tissue 

:-.-■. v -. ■ -..-.. r*;:s: may be removed from the balance 

^•■- ^^ • .■-.-, -;-/.: rnish used circularly, and unless the 

^;-. ■■ ^ -^ ^: ,- V . "i*.-.. ::.': hv t^^ken off. A sticky- spring should 
x -.^■. v vi .".r.,:. r.f: erwards between tissue paper, 

\» • .■ - , ■ c- ■ . ...-.; Se,\ w*::h a watch brush. 

lti^-.r.*n7,:-.$^ ". ;"i .~^^.' .v.'^pe.irs to be good and the watch has 
xv: v ■•■ \ ; V ■". v..*: V :iecessar\' to take the spring 

.-. . "• . . ^. v.-.ci" '^v-U"*":-. :: :s toiler to remove the spring for 
c\. ■.-■ ■ : >v::-.i> .^::: ,\'r.iost closed together, and not 

:v / ■; , : ■ . ' o;" ::> ^ i .' ; :'::c iv^rrcl, its elasticity is insufficient, 
r^:>,v .. .- .- c' - s -v.'Tc*.. »iv.d a new one is needed. If it 

/ >:i ■. . - >.. ■ / , ■ : .■.-.■..". :":-.c v-:". :s sticky, immerse the spring in 
\\. :\\:/v . . . . i ■ ^ \v. : :: \ : ; ^ s . ,\ v. .". : hen . without disturbi n g the coils 
v.:.:\ ::.:." > ■.•.v."cs>,-.vn . :;:> :hc::i with a bit of clean rag lapped 
ovc: :';'.i >:.us >:,-.::. v. c ::v:v. :::ooutsideand workinggraduallyto 
the c> V See :":•..;: :';:v >:^::::c was free in the barrel ; though the 
spriy.j: w.'.s :V.c :*.c*:*.' hccht :: may have been bound close to the 
arbor. o:ui :V.c iwrrc". :::,iy require turning out a little there; orthe 
hook in :::c .»:bo: :-.:,»> be .1 little too high, or too low, or too thick. 

If a fiiscc \v.i;c::. ;he chain may be soaked in paraffin and then 
drawn gently through blotting paper and afterwards through 
tissue paper. Put it then in the t)luing pan for a few seconds over 
gentle heat, and if any oil should exude wipe it with tissue again. 
Observe that nothing adheres to any of the links. 

Any wideholes may be bushed(see Bouchon)aiid othertrifling 
faults made good. If substantial repairs are required, and the 
watch has to be put by, a paper with the faults noted should be 
placed in the movement tray or box with the job. 

Repairing Swiss Watches. — Before removing the movement 

ffiMu the ease, wind the watch a little, if down, and trv^ it by the 

• '• in eaeh of the following positions, viz., with the 6 up, 12 up, 

uiid eock up. You caw th^n \isually detect the foUowii^ 
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|lts : Not in beat, wheel rubbing in cylinder passage, cylinder 
tots acting on shoulders instead of their ends, incorrect fourth 
^h with escapepinion, balance spring rubbingonbalancecock, 
pentre wheel. &c. Next ascertain that the centre pinion or set 
lare is free ot the glass, also of the bottom of the case; see that 
I band of the case is well free of the teeth of the barrel tcAfW 
■/,- it is often free in thin gold cases when open, but shutting 
^case pinches the band in and fouls the barrel r to try it put a 
Ice of paper between the teeth and barrel and shut the case ; 
feul it will mark or cut the paper. See that dirt cups on wind- 
Y and set squares are free of the dome ; frequently the dome 
esses on the centre bar and binds the centre pinion, causing, if 
E instant stoppage, the oil to disappear, and the pivots to cut. 
^that the balance is free of the case ; if it is much out of flat 
rill probably be foul of the case or centre wheel. See if the 
tspnng. when the cover is shut, is fotil of the balance. Put a 
^ on the set square, and turn the hands to see that they are 
fe of themselves, the dial, and the glass ; if they do not turn 
H^ it will proceed from either the centre holes being out of 
mght, a bent set square, or a badly-fitted pinion. 
Take themovementfrouj the case IK ^a/>CT-andlock the train, by 
tting a bristle through either fourth or escape wheel ; remove 
fck and balance, being particularly careful not to strain the 
Tauce spring; put the balance and cock in a traj', and remove 
% hands. (See Watch hands.) Remove dial and motion work, 
mg brass pliers to take hold of the cannon pinion to avoid 
n-kin^ it. 

Rt this stage, if there is reason to suspectthat the escapement 
(aulty, examine it as recommended under the head of Cylinder 
ipement, page 102. 

iter examining the escapement it will be necessary to look 

■r all jewel holes, noting cracked ones, and in brass, those that 

! too wide; trying end shakes, &c. ; also to see that the 

Isage in the escape cock, for the wheel teeth, is not too close, 

is to drawofftbeoil, as when this is the ca,se it is impossible 

fet the piece to go for any length of time. 

Row take the movement completely down — some workmen use 

iss block, with a series of holes drilled in it, to place the 

it is a good plan, as if left in their respective bars or 

s, they are apt to get lost. Having the piece down, examine 

Kpivots to see that none are cut or bent. The barrel and its 

K>r and stop work should also receive attention ; it should 

M with freedom, and perfectly true, any want of truth in 

jse particulars being fatal to good going. 

En the event of the cylinder pivots being bent some workmen 

■e recourse to a pair of smooth pliers, made just hot enough to 

a the colour of the pivot to be straightened to a blue ; but in 

S class of work it is rare to meetwitiv a ^^ov Wl^^a.T*..^s.^sa 









vs • V »^ •vi-Tti.'!: I: maybe straig^htened bvpladngi 
^* V '•■ *^v . t^ ui\-<v. on pajre 102, but it \%nll generallvbc 
-= '"^ ^ • -'^ •■ ■••^: ■'•^- '^^av of the cylinder \%nth shellac'aad 
• '- ^- ■•- "^ ^ -^^^ ''-'^'^i^^onoorbrassferrule.touseabd- 
'v " tov^: Tool: taking: care to select a notch 
' • ,>c v'^^^t. which you have previocdv 
. :: -^v :::a: .icconipanies the tool for thi 
.• : x:-m:\'! TTotch finishing with a burnisher 
■ • . V x- -.».' . ' ^ '. 'oL.iTtvl sharpened on aXo. i emerv- 

. • . ' .v ' ' - ■■ » ^'^**i:^^*"^>^svm azincorleadblock;the 
; K : *- v...-M:v--a:.ihc most convenient size beinga 

..; • . ■. .-. X • V. . -v'w^ r^olusloiij^and an inch and a quarter 

^^■^- ;«•. V— :• .u'*.-. :i>c four sides. The burnisher should 

^ -. i <x\ •>.>.• I v-\' v--:.ir to a pen-holder, and nearlvas 

\ .■ : ...V •..■ • \\ ■. • x:'v-:.K*ot scaliui^-wax; it can thus be set 
'. V. V ... :' A-.' '.'o -Miullc. Ill sharpening, the block 
/'.'. V . :; ■-: .N 'vr.\ vM* the work -board, pointing from 
M'. » .. V 'K ■. ■• "x -i-vr*^^d with emery and oil; mixed not 
^>.' •' . X X n"' i'v:\ "x-vc 'W'M lijihtly in the right hand, and 

.V .'•v \- I .tp'olicvl oil the top of burnisher ; the 

■••; 10 liecl. littiiig it from the block for 

vv'itv-:!o a pivot the burnisher should 

N.v ' x-.w^v- or v!!tsiv of a similar grade. 

S'.v- ■ I •' \^': 'v '-vvvcv.. a now plug nia^- be fitted as 
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V*.vvi'.'i^ t.Nl\:uU»r ".\^ ^v^i'.rv the new plug use a steel runner 

' •.'.'■•x' 'N.^^ •.^' 'v^ititvlitiv; up theendof a pivot,but 

^^..•.' ..,.,.. ■. ,-^.-, •.■•v'^x^^'i:M'vnieelvehamferedout,hardened 
,.. ..... ... 






\".- vvv*v:ui v^iV\ Under will work in oneof these 
w' ■,'• x'.-.'\- ^- ;vv*!*.::uillv supplied with oil. The top 
,..^,,. •.,•.... --uvu'v- '^x !v.'.i:iin>; in a brass nniner, ha\ang a 
'•.x>\- >.-.• = x -v V.N : f^;v 10 .ulv/.it the pivot freely, the shoulder 
i.i'v'v-; • !-.o '.'vv<*'.. \ o-,r o.i'.'. :V.i:< tutu tlieextreuie end of the plug 
t!'.:vM\ :'.:*. I'x- 'sv'.x ^^i :!ie v\ *'.:ulei. Having centred the plug, it 
o!iI\ TO'vi-tN \.>\\\'.'.\ \\w >.v^llvnv atul pivot, leaving the latter a 
liitlo'.i- \:v : 's\\.\-\ -'. \\\\ ' vi;l:i:uatelv required, burnishingitdown 
thi«i.ir.\o.'.!'.: \\;:li ii'.>i: :!u' touiih and then the fine burnisher. 

If tlu* i::vv: p'.voi i< iho otie broken, it will sometimes be 
possihU w'.i!i a h!;.;h ovliiuU '. to do without a new plug.bj'kuock- 
iuj; out ihooid one sutVieientlv to turn another pivot on it; this 
is not so v:ood as leplaeiuj; the plug with a new one, as the plug 
has a tendency tv-^ diaw the oil away from the wheel teeth. 

There is yet one other way of replacing a pivot that is broken 
viz., by drilling throui^h the old phigaud inserting a piece of steel, 
somewhat lari::er than the shoulder of the old one. The cylinder 
is filled with .shellac to withstand the pressure, and the centring 
runner, just described, may be u.sed, and a recess turned in the 
end of the plug sufficiently deep to start the drill truly. Having 



the hollow turned sufficiently deep to burj' the angle of the rtrilt^B 
remove the centring runner and replace it with the one described 
on page 123: it has a hole in it to take a drill, which for this 
purpose, should beshortandstrong.and not relievedniuch behind 
the cutting part. If ground to cut only one way, and tapered in 
thickness to the point, it will work quickly and welt. Use 
turpentine as a lubricator. The pressure on the drill should be 
relieved at the return stroke of the bow, and if the drill is suffi- 
ciently hard and not driven too rapidly, the drilling will proceed 
pleasantly. Having drilled the plug through, in.sert a piece of 
steel, previously hardened, tempered, and polished down to ahe, 
and not too taper, or a piece of a Swiss cutting pivot broach blued 
may be used. With a light hammer tap the piece for the new 
pivot intoits place, and with the centring runner turn the extreme 
end of the plug to a centre. Proceed to form the pivot as de- 
scribed when speaking of a new plug. The side shake in 
cylinder pivot holes should be greater than to ordinarj- train 
holes ; if too little, the watch, though performing well when the 
oil is fresh, fails to do so when it commences to thicken. For 
directions in replacing a broken cylinder see page 104. 

Escape Pinion. — To work in a new pinion when the old one 
is present will give no trouble as to height. The pinion being 
removed from the wheel, all the measurements can be taken 
from it, and transferred to the new one. 

When theold pinion isabsent, proceed in the foliowingmanner: 
having put in the cylinder, a brass collet similar to a pivoting 
ferrule should be roughed out, itsthicknessbeinga little in excess 
of the height you imagine the escape pinion head to be. This is 
placed in the escape wheel sink, and the wheel on top of it, you 
can then offer the wheel to the cylinder passage, and see whether 
itisacorrect height. Reduce the thicknessof the collet until the 
wheel isacorreclheight. Havingremoved the wheeland cylinder 
raeasureoverthecolletandlowerjewelhole. previously removing 
the end piece. Next measure the thickness of the jewel hole 1 
this, beingdeducted from theprevious measurement, will give the 
distance from the lower pivot shoulder to the seat of wheel. The 
height of pinion head will be less than this, of course; howmuch 
will dependontheposition of thefourth wheel. The leaves should 
come just through the wheel teeth ; any excess is bad, because it 
attracts the oil from the hole. Afterscrewing on the escape cock. 
thedistanceoverboth jewel holesshouldbe measured. care being 
taken not to bend down the cock in doing so ; deduct the thick- 
nessof both jewel holes, andyon have thedistancefrom shoulder 
to shoulder, or the height. These measurements should be set 
down on paper as they are taken. Theworkof running in the 
pinion may be done in the following order. See that the leaves 
run true; next, as one end of the pinion is always polished, that 
end should be kept for the face ; a very iiV\t toi4tVm.'fe'Q.^^\^ "»• 



:itl-n rii« :i''l>Ji'±r ini i.f^i^r^e "anil be all that is necessanr 
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z: i: '.: i 7 -^rr i; tt. ill 1 1 ei":'s< ^unl the wheel will just pass 
:c I ?i:-". : -".Lii-r l- i rriiz-illy '.tliz down into its proper 
Ti'r- ~ ■ : f :..-:. : r vmi : .-f-:zt ir>i :Lr.i steel polisher. The 
L .•* l: :■: f- : ~ i: : . ■ Ttr t -■ : : rli rzlitr v:":i will have obtained by 
zi:t n i .^if i fs:- :iri -r: - : - . -r -s^'-eel should fit firmly on to 
i:.t 7 .:_. r. in ::.t >ti: :«± ":_: =-l:c-tly -ziercut. almost square. 
Zz-T'.ftr. frrt-i tr .-".t -"tm-^'x-::: suffice: on the other 
LLZ i .:'[■--. f. :: r : r. : iil : j.-: : :" r.vedn c 's^'ill make it sound, 
i-- i '"':.'.:. :: - 7 7. - :i:-± t-.H re :::Icec and spoilt, in en- 
1 1 1 - ■ ■_-. r .: : ■ n : : " -~'- r±'. r. ch: H ^.-.-iz c uiarked j ust above the 
■:»s.T- ::' " -f=l -zi i sirt-eicei £le. reziove the wheel, and 
7 r«: rf i : " zz.rz. i : —z izt '.eiTrf :: ihis ziark. taking care not to 
rtziL-t Lz.\ :: ijit i:i™r:tr ::" the irSor in doing so. Now 
Tir'.-it ir.t'.iT^r.r. :":hr iri-rrf. "e-L-rir.^ each about half a pivot 
'. "Ctr-.-ir. :r.e; --:'.':»trir_u:rei.:u:t:::5: them off with the graver, 
ltJL 1 : :>. t rc "-. r t . tn r rj.rr. ir. *: n:":: er 1 : n c cent res. Ha\'ing turned 
■ r : ::r tr. i :: f>. : .:".i r-cTi-sri :>.r:u^h a hole in a runner, and the 
txtrr~r 7' .-: ttirtiri tttie iz:i ."^rr.ical : the opposite end should 
z'r.iT. "r-r :r=i:r" :r. tr.e sirr.e nmrer. If this is done, the pinion 
'^-i'.'. "r-t kr7: :e~:rri ::" x £Ie :s usee for making the centres it 
-K-;:: 7 r ■ : i' l; ce: : u: : :" :r^th. X:«w proceed to mark the place 
:"■ r z'r.t <'r. : nl f.tz : : the ::r rer pivot. lea\-ing it a shade high ; 
kr. :Tr:::c -v/.ert tr.:> >r.:::'.ier will be you can see how deep the 
h ■'.'.; -V "-11 r.i-e : ■ ': -e c:::. If there is ::iuch distance above the 
se .1 : ■ f : :: e .v 1: e c- 1 . :. > 1 : c r. t :: : 1 1 o w w: 1 1 su m ce : bu t i f, as is usuall v 
the ::->e. tl-^rc i> r ::: little root::, the hollow will have to be deep 
a:: :: rather l:.rc-. "iv:th the or-ect of preventing: the oil from being 
dra-.v:: a'.v:Lv fr.'-: the riv:«t. Ct:tti:ig a hollow in a foreig^n pinion 




should be sli.jrhtly raised in sharpening, so that a small facet is 
ground o:i each side of the belly, thus reducing the otherwise 
too acute angles, and strengthening the point. This should be 
done on a smooth Arkansas stone: Turkey is too rough; then, 
witli a bell- metal polisher and diamantiue, polish both sides 
and top an^le ; when finished, the point should be allowed to 
rest on the nail, and if properly done it will hang in and not 
slip. With a tool in this condition and a weak bow, the hollows 
can be cut both quickly and well ; if a still better finish is 
desired, nearly dry red stuff on a peg will give it a nice bright 
ap])eannice. Having completed the upper hollow of the pinion, 
.'ind turned down the arbor to meet the root (it should be con- 
si(h'ni]>ly smaller at the root of the hollow than at the shoulder), 
lhi» pinion can be reversed in the turns, the lower hollow cut, 
and the pivot roughed out ; the height being measured from 
' ♦• .siioiiJrlcr of the top pwot, \i l\\e "^Itiion requires facing, do 
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lat this stage. Finally, turn down the pivots, leaving them a ' 
^de larger than they will be reqnired, to allow for burnishing, 
n? particularly careful to turn the shoulder perfectly square. 
e last cut should be down the shoulder of the pivot, so as to 
Eve a very slight notch ; when burnished this will disappear, 
a no lump be perceptible in the corner. The burnishing will, 
bcourse be done on the Jacot tool and \vith a fiat burnisher, 
kvin^ completed the pivots, aud rounded the ends off and 
Irnished them, so that they will not scratch the nail if tried on 
Bt only remains to turn off the corners of pivot shoulders with 
wlished graver, and to rivet on the wheel, using a hollow steel 
pch, and revolving the wheel a little between each blow of 
\ hammer. Its truth in flat should be examined from time to 

" 1 the callipers. 
I word on the ferrule used in working in tlie escape pinion. 
e ordinary screw ferrule is not at all adapted for this pur- 
le, being too heavy and thick. A Small brass or bone pivot- 
*ferrule,dishedin form, isthe most convenient; first, broached 
pt on the arbors of pinion, and after it is shortened a similar 
, with a hole sufficiently large to fit on the leaves. There 
9 be no necessity to remove it until the piece is completed, 
e groove in these ferrules should be deep, to avoid the hair 
iping off, and square to prevent the hair jamming. Use a 
iderately weak bow and horse-hair to turn the leaves down, 
d afterwards complete the turning, with a very weak bow and 

■ Escape Cock. — There is nothing very difficult about the 
Jcing of a new cock, and if the jewel is sound, it can be reset 
lliout much trouble. A piece of good hard brass, of suitable 
e is placed in position, the spot for the screw hole marked 
lOugh the frame, and drilled to fit the screw with only just 
edom. Then screw the cock down firmly, and drill thesteady- 
1 holes through the holes in the frame, afterwards broaching 
fern true and upright, from the cock side of course. The pins 
Buld be made of hard wire, filed with a very smooth old pin- 
fc, and burnished ; the ends also rounded off and biimished ; 
pr size should he such that they will not go quite through the 
K£^ when twisting them in while fixed in the pin-vice. The 
Her side of the holes in the cock should be slightly chamfered. 
ft in the pins and cut them off, file the tops fiat, and placing 
b lower side of the cock on a pinion riveting stake, drive the 
Is through until they project about one and a half times their 
Rameter ; if they are longer they will be liable to get bent in 
taking on and off. Some workmen use a little oilstone dust to 
make the pins hold, but if properly fitted it is unnecessary. Now 
open the pin-holesinthefrarae a little, and if the work has been 
done carefully the cock will go ou aud off smoothly and without 
sticking, the pins will each fit indepenAeialX'} , ai\6> 'aoV ^.t'^exA. 
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on one another as is often the case. Put in the balance, and note 
if the cock is too high, and if so how much ; the best and qnickest 
way to reduce it is to put the frame in the mandril, centring it 
by the lower escape hole, and turn down the bar, previoielj' 
placing a small piece of peg cut taper under the nose of the cod 
to prevent it from springing from the cutter. Ha\'ing turned it 
down sufficiently, allowing a little for stoning up, test the cor- 
rectness of the centring of the lower cylinder hole by peggingit 
true in the mandril. Cut a good sound peg to a long and taper 
point, that will enter freely the hole to be tested. Having bronglit 
up the hand-rest to within say half an inch of the hole, a fiat is 
cut on one side of the peg to prevent its turning round, tiie point 
is then put into the hole, the flat resting on the tee, whidi 
should be adjusted at such a height that the peg is supported 
horizontally, or if anything the unsupported end highest; now 
on the mandril being rotated, if the hole is not correctly centred 
the end of the peg will exhibit this error in a magnified d^;rec 
Having slightly slackened the dog-screws of the mandril, the 
work can be minutely shifted either with the fingers or by tap- 
ping it with a tool handle or some similar object to avoid bruising 
the frame. Having corrected the centring and tightened the 
dog- screws, the cock can be screwed on and centred with a 
graver similar to the one for cutting a hollow. The cock is now 
ready to receive the jewel hole ; if it is to be sent to the jeweller, 
send the frame and cock together with the pinion, and he will 
give the correct end shake ; if you decide to set the jewel your- 
self, see instructions under the head of jewelling. Having the 
lujle set, round off the end of the cock, striking a circle to file 
to, with the dividers set to mark a circle whose diameter is that 
of the bar or rather more. Having stoned down the top of the 
cock, and seen that is free of the balance, take oflf the edges 
scjiiare with a very smooth file, cut the wheel passage. Shellac 
tlie cock by its top to a flat piece of brass, about an inch and a 
half in diameter, having a hole in the centre so that you can 
feel the jewel hole with the pump-centre ; coat a tooth of the 
escape wheel with rouge, place the pivot in its hole, and mark 
on the cock the position the passage must occupy ; select a 
cutter about as broad as the wheel tooth and polished on its faces, 
and place it in the slide- rest, and cut the passage in the following 
manner : The palm of the left hand being applied to the fece 
plate of the mandril, it can be rocked to and fro about a quarter 
of a turn, the right hand meanwhile advancing the cutter by 
means of the slide screw. The passage should be well free of 
the wheel teeth, both sides and top, to avoid drawing the oil 
from the teeth ; by putting a layer of rouge on the teeth and turn- 
ing the wheels this can be tested. 

Fourth Wheel. — This is a fruitful source of error in the lower 
ciass of foreign work*, \l\s so oft^u out of truth or round, and its 
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with the escape pinion incorrect. If you have leason 



e frame, and then in the depth-tool, for although you cai 
^^e the action, and judge of the size of the pinion better in this 
*-C>oI, no allowance can be made for side shake, &c, Try then the 
*"»]nnin£C of escape pinion while in the frame, by pressing with 
9- fine peg on the end of the escape pivot with the left hand, while 
the rit;bt turns the fourth wheel with another peg; if it does not 
ran smoothly, but you can distinctly feel every leaf come into 
action, be sure that something is wrong. Unfortunately, pinions 
of six make very bad depths, even when correctly sized and 
pitched. If you have a sector, the best plan will be to try the 
wheel and pinion by it, and if the wheel is incorrect change it ; 
if the depth is too deep the wheel can be re-cut on the engine ; 
but if it is too small it mustbe exchanged. Stretch theoldwheet 
withthehammerandre-cutuntilthedepthisright, then exchange 
the wheel for one of exactly that size, turning a sink in a piece 
of brass as a gauge to send for the new wheel. The wheel, as 
bought, is generally much too thick ; it can be cemented byits 
polished face to a true chuck, and turned down to the required 
thickness, with a sharp cutter in the slide-rest ; its tlucknesscan 
beTeducedwith less troubleandmorecertainty thus than by filing. 
Stoneout all cutter marks with water of Ayr stone, and finish it 
with bluestoue. Before openingthe hole to size try its truth on a 
/^;£ arbor, and if thehole is not in the centre, as is sometimes the 
case, correct it by one of the following ways. First, you can put a 
piece of brass in the mandril and turn a sink to fit the wheel, 
afterwards with a narrow cutter in the slide-rest, turning the hole 
out true. Or the wheel may be fastened with wax to a chuck and 
run true by its teeth with either a peg or the thumb-nail. If the 
watch is a good one the bars and crosses of the wheel should be 
smoothed with an old, fine knicking-file, used lengthways, and 
finally with boxwood and very fine oilstone dust, or two pieces of 
water of Ayr stone rubbed together with oil, and the resulting 
thick paste used in the same way on a boxwood slip. The face of 
the wheel can be touched up with a tin polisher and red stuff. 
The thickness of the wheel will be determined by the depth of 
seat on the pinion. Before fitting on the wheel remove any burr 
thrown up in riveting on the old one. While truing up the seat 
and deepening the hollow a little, the shoulder of the seconds 
pivot should work in a hollow brass runner, having a hole suffi- 
ciently large to clear the seconds pivot. Let the wheel on, usinga 
sharp broach aud turning it one way, not backwards and for- 
ward.s, to keep it true ; it should fit tightly on to the pinion, and 
before finally putting it on take a slight chamfer oifboth sides 
of the hole to remove auy burr thrown up by the broach ; rivet 
on the wheel as directed under the head of escape pinon. 
Seconds PiTOt.^In the event of a brokeTi ^Wal, ot q"q,^ ^« "^^ 
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as to render a new one necessary, a bollour chuck, somewbat 
smnller than the fourth wheel may be used, and the wlied 
fastened to it by cement. The pinion having been set in the 
ccnuMit as true as possible, a spirit lamp is placed under it, and 
wliile the work is rotated a peg is gently pressed against it to 
get it correct ; the lamp is then removed, but the peg is keptin 
contact with the rotating work until the cement is set. The 
pinion can be run perfectly true by the hollow at the root of the 
old pivot, or the tips of the pinion leaves. It will generally be best 
to entirely remove the shoulder of the old pivot, previously 
takingtheheightor distance from shoulder to shoulder. Having 
turncfl away all the shoulder of the old pivot down to the bottom 
of the hollow, and at the same time cut a centre sufficiently deep 
to start the drill true, drill the pinion, using for this purpose a 
drill of a similar shape to that described for replacing a cylinder 
pivot. The depth of this hole will depend on its size, abont 
twic(r its diameter will generally be sufBcient. Turn a piece of 
hardened and tempered steel down nearly to size, shaping the 
shoulder similar to the old one, and finishing with tiie sted 
])()lisher and fine oil-stone dust. It should be almost parallel, 
and go two-thirds of the way in before being driven. Having 
warmed the chuck and removed the wheel, it can be rested on 
a ])ini()n riveting stake, and the piece that is to form the new 
pivot fixed in position by a few light taps of the hammer. Pass 
the end through the centring nmner, turn the centre true, and 
])r(>(He(l to shape the shoulder and pivot, with the graver, in the 
turns, afterwards removed all roughness with a steel polisher 
and sliar]) red stuff; finally finish it with a fine burnisher in the 
Ja(*()l tool. A special centre adapted for seconds pivots accom- 
])anic'S the best of these tools ; it has a longer bearing for the 
])iv()t than the ordinary centres. Having turned off the extreme 
corner of the shoulder with a polished graver, it only remains 
to round up the end of the pivot. 

In the event of the back pivot being broken, the best method 
of centring it will ])e by means of the centring runner described 
for centring cylinder plugs, turning a recess for the drill with 
a graver, and using a drill fixed in a runner in the turns, and 
for the ])ack runner, a hollow one, the shoulder of seconds pivot 
taking the thrust. Care should be taken in making this plug 
that it is not too taper, or the arbor may be split. 

Working in a Fourth Pinion. — Having selected a pinion of the 
correct size for the third wheel, and fixed to the long arbor an 
old screw ferrule, cut a thin box-wood slip to a thin edge, and 
with rather sharp red stuff* and oil proceed to polish out the 
leaves, resting the pinion on a hard cork, or piece of soft wood. 
The screw fernile on the arbor enables yo\x to press the first 
finger of the left hand against it, and thus the pinion is held 
/i/7c polishing ; the uaXuiaX ^\2csX\c\\:^ o^ ^\x^corkor wood allows 
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» pinion to give a little to the motion of the polisher, thus 
eeping it flat. The leaves having been polished out with wet 
red stuti", and finished with fine stuff, or aiamantine, the truth 
of the leaves can be tested by running it in the turns. Should 
the centres of the pinion not to be perfect, they must be made 
so before trying it, by turning through a runner. Should the 
leaved portion of pinion on trial prove out of truth, it must be 
corrected. If, while the pinion is in the turns, a piece of soft 
lead pencil is held on the rest, so that its point just touches the 
top of the leaves, those that are furthest from the centre will 
be marked, thus forming a guide for the correction of the arbor. 
The marked side of the arbor being placed downwards, in con- 
tact with either a soft stee! or brass stake, the upper or hollow 
side can be stretched by a few light blows from the pane of a 
small hammer ; the blows should bedistributedatequaldistances 
over the arbor, and, as these pinions are usually rather soft, 
some care is required not to overdo it. Having by this means 
got the leaves to run true, the arbors can be shortened to little 
more than the ultimate length of the pinions, and the centres 
turned true. In some watches the banking, instead of being 
against a stud in the cock, is against the arbor of the fourth 
wheel ; in this case the diameter of the arbor is of importance, 
as if too small, and the watch is caused to bank by external 
agitation, the pin would jam against the arbor of the fourth 
wheel and stop the watch. Again, in some callipers of move- 
ments, the fourth pinion head comes close to the plane of the 
balance, and in some positions, if the pinion head is too high, 
or from excess of end shake the banking-pin touches it, a cause 
of stoppage rather difficult to detect, is created. The old pinion 
being removed from the wheel, all the measurements can be 
taken directly from it. The first thing will be to turn down the 
leaves to fonu a seat for the wheel, measuring the height from 
the pinion face, Care must be taken in fitting a pinion to an 
old wheel, that the leaves fit into the marks made by the old 
pinion, othenvise a difficulty will be found in securing the 
wheel. Having fitted the wheel, try its truth in round in the 
turns, and if untrue, shift its position on the pinion until it runs 
quite true, then mark the wheel and a leaf of the pinion, so that 
its position can be found again. Shorten the leaves, leaving 
just sufficient to rivet soundly. If too much is left to be riveted, 
the pinion face will be bulged and spoil. If the leaves project 
the thickness of a sheet of this paper. 10 mm., it will be sufficient 
if the wheel fits properly; there should be but a slight undercut 
to ensure a sound nvet. Rivet on the wheel, using a steel or 
bell-metal stake to support the pinion, and a polished steel 
punch of such a size that it fits just freely over the arbor. A 
piece of tissue paper between the face of pinion and stake will 
protect it during the riveting and if care is tak£.\i 1q sSa&'Oaa. 
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wlirri a liltli" I'Vfry Jew blows, it will r>t ■r^nr'tfi "r^^cii'*-!^- 
TIh* Uii'v oi llii- rivi-l tan )h: iurtuzd fca: ajid -^j-.^rfd^^ '^.^ 
}if>llf>w till. Tumi llic Jirl-Kjr to ^ixt. I'catv:::;^ i tli^b: iii".njic 
I l«*M- to llif wli«-i-l Ui jircvcnl Iht jy/:';h«:r '.'yziirfifc — '/.i3Cl '•■ 
Willi It. Tlitn polisii, liiiriiish, and rr^ri: •.he v>iu'.-'/^'Jtl' 
iipjHi |*ivf*t rilioiiidi-r, measuring frois tht ^:r.i\-z. fi'-t. Tit 
pivot liriii^f. tiiiiic-d <lown lo within a ithiifi'z o: ;*rr,^>£r Kz.t.3t 
pinion c :in Ik- icviTsi'd in the centre*!, and tht %^-r:,t:iT j!Ti 
tut tied <lc*\vn, lis position being fixed by niea.-?-:ir:n.;£ frjt: 'Jt 
uppi-i pivot shoulder. The pivots, bmcx/thed -A-fth rtiitwict 
biiiiiislK (1 on till- Jafot tool to size, leaving only tht z^jczd:zi 
up, itml liiiiiin^, oil the extreme corners Vj cosij^lfjfc 'jitv^i' 
'1 lie- Mi/r oi hollow necessary in the pinion face. :.* re^laiei^ 
the- IriiL'ili oi shoulder there is. Where this is extrtritlv ^bKi 
a lii»llow ol considerable depth and breadth it re^^uirfeC: ozzbt 
(»tliri hand, where the shoulder is of considerable iength, a s:saZ 
h(»llow will suHice. 

Third Pinion. In those callipers of movements, in which, 
lioiii till* leveised position of the Centre wheel the power is re- 
( c'lvcd and tiansinitted from op]>osite ends of the pinion as in 
the ( :fi(' of the third wheel in the ordinary foreign or barred 
ni(»vi'iiii'iit }, one t'onimonly finds, after the watch has been goiag 
lot iiiiv lc'ii).',ih oi time, tile upper pivot considerably worn or cut. 
Tlii'i piotcidM in many cases from the pivot in the first place 
Ik-mi}.; loo rtiiiidl to withstand the necessarily great pressure. In ' 
iiddiliitii to tlii^, the leaved ])ortion of the pinion having to be 
•lo liiK.li l«» in««t till- centre wheel with safety, renders it difficult 
to yr\ ;i iiillii ic-nt shoulder to the])ivot. If, in addition to thih. 
I hi if I-. an itr.ullicient hollow, and that but roughly cut, the oil 
i.ipidiv di-i:ippc:iiri, ami the pivot becomes cut. In repairing 
Ihi-.c pivdi-., It will j.',ciuially not be sufficient to turn out the 
111. II I.-. .Hid t( ptdi'ih. It t his is done, it often becomes cut again ver>' 
ipiu l%lv. Ii i-» much belter to repl.'ice the pivot with one of the 
on).'MiMl M/i', iind at the same time to see that the extreme comer 
i-i clciinl\ .loped oil, and that the hollow in somewhat large, 
deep, ;iiid cliMtily cut. 

Cfliitro HoImn. In replacing the centre holes great care is re- 
ipiiicd iioi ,io ^;ci tliciii out of upright or alter the depth ofthe 
baiicldi thud wluel. 11 both are to bc replaced centre the frame 
iiccuialdv in the mandril and with a narrow cutter and the slide- 
u-nI, tuiii oiil I he hole to receive the stopping (if it is broached it 
has a tendem'v lo >;ive towards the barrel sink, making the depth 
deej>ei ), keepinj^ the holesmall-— not larger than the shoulder of 
the i»ivol. A piece of hard wire drilled and broached out to just 
lit the pivot iif;htly, is |>ut on an arbor, and turned taper to fit the 
hole in Irame. 1 laving removed the frame from the mandril, put 
a broach in the hole, and work it round to roughen, and slightly 
enlarge the ends of the l\olv: \ duvviUvc stopping in tight from tie 
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tde, and rivet it with a punch having a slightly rounded face ; 
j^^^iase stake with a piece of paper on it supports the frame while 
^^"Vetiugthestopping. Replacetheframeiuthe mandril, and turn 
^^ff anj' excess ol stopping with the slide- rest; and, with a narrow 
^"Utter, open the hole to ht the pivot. You can now put in the bar 
X^aving previously put in either a hollow or solid stopping) and 
^tirnout theholetosize. Where the pivotsare taper, it willbeuec- 
^issary to broach the holes slightly at the last ; but in most cases 
tley are parallel, and the holes can he opened with the cutter ; in 
this way there is no fear of getting the work out of upright. 

Centre PMoB. — It is notuncouimontomeet with centre pinions 
having the pivots cut through, or so much astoraakeitimpossi- 
T)le to repair them, rendering a newpinion necessary. This rapid 
wear proceeds in most cases from the shallowness of the holes 
and the total absence of any sink for the oil ; in addition to this. 
there frequently is not a sufficient shoulder to the pivot. In 
selecting a new pinion, difficulty is sometimes found in. getting 
sufl&cient size in the body, owing to their being too much reduced 
by the maker ; in addition to this, many are broached from both 
ends, rendering them untrue when opened out straight. The 
mo-st convenient way is to turn up a piece of staff steel (^hardened 
and tempered so that you can just cut it) to fitthe pinion, and of 
only just sufficient length to go through the hole; and fitting 
the pinion throughout. Having removed the old pinion from the 
wheel, and measured the heightfrom the face of the pinion to the 
seat for the wheel, turn down the leaves and let ou the wheel tight. 
The rivet beiugshorteued to the right length and the hollow cut, 
the wheel can be riveted on, using a polished steel punch, that 
just fitseasilyoverthe body of the pinion; the rivetis then turned 
true and faced and a brass ferrule opened to litoverthe pinion, 
and secured to the wheel with wax. The position of the lower 
pivot shoulder is now fixed (measuring from the rivet), and the 
pivot carefully turned to nearly its correct size. The pinion is 
now reversed in thecentres and theupperpivot turned down. To 
polish the pivots the pivot polisher, Fig. 24, under the head of 
■' Polishing," may be used. 

Sarrel anJd Barrel Arbor. — In foreign watches two varieties of 
barrel arbor are met with. The first, in which the arbor and 
ratchet are in one, and secured to the bar by a brass cap covering 
the ratchet, and forming at the same time the dirt cup. The 
second, in which thearborhasalargeflangeorbossbearingagainst 
the under side of the bar, is secured to it by the ratchet, which is 
attached to the boss orflange by three screws, passingthrough the 
ratchet into the boss. The latter is a very old plan, and often 
troublesome to repair, the collet in this case being usually secured 
by a pin passing right through it and the arbor ; a new collet is 
necessary if the arbor has been reduced in truing it. The arbor 
cat! be secured by wax to a cement chuck, the flaui^a Qt ta.'.'i'Qs.^.^s. 



••r -r^ :■.- r. :rr--—:^ ij-^-::^^ ^^^ ^ari rcihe chuck, and run 

- - --^ " ""- -■*' '«:r.^,: ^^ urcv-n:. The arbor can 

- . -... -.^, . _-..; :^-^=-:- -111 1 riir»:.:i>hed. Where this 

- ■-- .. :-^- : •^" >;Tii:'£r*i:y inthetopofthe 

- -: •• ^v ^v-. ■--..■. ■^"--iii-^:: :»frriri:zd less trouble to 

^ --:••. -^■: vv.rjc i^i iirui. A~rere, as is usually 

-. •>^. •:: -• " ■•: • : -. -Lv^^- ■" ii:i> :er.- :n and out many 

^••^ ^■•"* ■ . :.r, -. -v^j: - sii-r* :i ::<. impossible to get 

■:-.--• - •- "- ■ ■■'-^^ '*-- rijif^t :f bard brass, well 

i-' ■-. -^ . -*-.-. -,^. .-vr.-^^:.: r: r ; ir.i: side to a chuck 
^. > ■>---• .^T : -I,'. :-■:= '^ir^ "-trrr little cement, and 

--^^ ^ ■ ^ — =" .> . . X ^ r. v?i::i.ti r^ tibe chuck while it is 

' ^ • ' -^ • :n^ v..-::*.:.—! ^iDiicsrtrc-dby theholein 

• . - - - • ^-^--V^ -<r.'i.t:.^ :*t ^snill. With a cutter in 

' - -^ ' "^^ • — ^.■'^V-"'*'--^^'—'^^^ii^^-'wiU ultimately 

v -r,'. -' --.'-. •• r. ::u rirLvrsi. £=>£ c:=t the notch (by 

^ - - - ■ - - ::v --^-i v*;:± i Ire square file ; now 

,vvv . • ,.^ ^ y.:' -e-^^-* :^*iz: the ^ver. and turn 

.\ ^^ ■ :*v •.:o^ • :■- :v^ "-ii-v-- "•n:::^ .t ti::> Tray \-ou can apply 
rx^'-.-i. . r,*/: • .. /.v.. r. V-.:: c-rin. 7: r:ir-i,Lri certainty; the 
>'.i>~^' ■■ . •• ■ *v ' •- V. -.vT -v^ v.»^^". :r i^irill soon become loose 

^'. .:v^^ .^;■.. X ^ -Jjl: vi- :::5j- — ^ir?^ the extreme comer 
?^:- .: *v >• V ■ ; • .: v. . v . -f \ " : : : riw.-c^ cc "arater of Ayr stone, 
r . -^ * ■ ..•-,••-,= . "v: v-.< T t:i rcir^l.iri drilled a piece 
:. \ ^ ^ • . • > -. ,. : <"..:, <=- :L-Mr. thi riv^t, put it on an 
i. *v ■ ■■•- • ■ -.u :':. i :. tJie fvLrrel tightly, and 

-X ^ ■ - ^- • ■ ■. •■ ^ -<^^*: - -.^ :: r.-etir.cverv-carefullv; 

J.-.. , -, - ■ . ..X, •■.. N.. •-. v.. re^vtze r tugged, and the 
; : . >^.;.x, .. *v .. , V :-. : ■ :.c ri*:::.'-ri-i the stopping with a 
.: i ' , -* , \^ - :':»:^: :-^-Ci:r.es^, cement the barrel 

> . :\ , . : r . . v • .: : .'«: i .:. t.-:i c^e_::tre ^z a lathe with a 
h:...: '. :: • . • •; ■ • :.c : :-::i : t.is t:r:s .*: the teeth with a 
Tc-^ :-L^ . c -T -^ •''■'■ : •;. :> r-i-i .r. r..it.ir.::i^.th a narrow cutter 
:7«=- ::i :: ^ :• ^ :: ii.:. r.: ::.i riv::, nu.:<:i:ag itwitha 
z*: ^.yiz-: : ~:.:^ : : : i > ; ;, i ; . t'.i ■,itlt;: .^-^ hollow, allows the 
:r:.i:j. :: yicc^ 1. ; V.'.i .v-ir car. :::-»t Se s-apped into its 
z'.iit - ; : '.c i .■ - . •'/ r : . / / u :z — ; — ,- tc : t^* •:^a*:c. "and its hole 

L''.::lz :: '.- t!i:? ~a--e7. tae "rv-irrel :s ^tire :o be upright and 
'.r- 1 : : : z th t : :!: r r har. i . :■: tl: 1: j le> are Tcropened togedier and 
v: :lit ti~ t :'zuik:zg. :: if- a^n::<: izipossible to insure its truth. 
7 h : --, : - il z: : =: a^ :z ucii tr: u'r le as raaki:ig a new barrel : but many 
A^v.h';- ire ne: Trr.'z. ::' gc-od cuality, ha^-ing the barrel holes 
;;*':' ;. «:r*!ar^'e'l, yet sh j-w^lng no signs of wear in the wheel teeth, 
iijj': ;:; vy^rs casts :t := better for the watch that the old barrel 
9v*j';»ii': 'h': r':taineri. It will probably be harder and with better 

U t.''< Ui tlian one obtained at the material dealers. 
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fcrhe barrel cover may be finished in a variety of ways : it may . 
Tpoliahed or spotted, or if it is bright snailed it will have a 
ley nice appearance. Either of these modes of finishing is 
fcferable to gilding if it is thin. 

fe. new collet can bemadefrom an ordinary rough lever roller 

■large size, the hole being drilled out to nearly fit the arbor, 

pithesidesflat, and leave it slightly thicker than it is required; 

yl a hole for the pin and one for barrel hook, and rub down 

h sides flat on an iron block with oilstone dust. Harden it 

1 temper it to a blue colour. Clear out the hole with a broach 

.1 let it tightly on to the arbor; removeit, and polish the sides of 

fe collet underhand on abell-metal block, perfectly flat ; put the 

feer on the arbor, also the collet, and broach out the pin hole 

Taight — fitting a Aard pin of the same taper as the broach. If 

t cover is bound, free it by polishing down that side of the 

het on the polishing block ; great care should be taken that 

by just sufhcieut freedom is allowed here. Cut a shallow 

Tllow in the boss of the cover to reduce the friction and retain 

1, and a deep hollow in the collet on the under side to supply 

i lower pivot. Put the hook in, and slope the corners of the 

Uet off with a pohshed graver. 

f teeth are broken out of the ratchet, a new arbor is an abso- 

I necessity. Arbors can be procured from the material 

biers, already screwed, hardened, and finished ; but as it is 

Brly impossible to find one of the correct size in the ratchet 

tA. of the right height, the ordinary soft arbors having the 

hh already cut are the only ones available. 

bu selecting a new arbor, oue should be chosen having a 

pchet nearly as large as the sink iu bar will admit ; and the teeth 

^slightly undercut. See thattheratchetruustrne to the centres, 

^S'n the top of the ratchet flat, and cut a slight hollow at the root 

^Tthe square to pre vent the oil beingdrawnup. Reverse the piece 

in the turns, placing theferrule on the square, and turn the under 

sideoftheratchet flat, lea vingitshghtly in excessof the thickness 

it will be when finished, to allow for polishing. Theheight for the 

collet is nowmarked, and the arbor turned down to size to fit the 

hole iu the screw plate. A barrel arbor plate is the thing to use 

for this purpose, the ordinary plate having too coarse a thread. 

Iu the absence of such a plate or tap, the makeshift mentioned 

under the head of " Barrel Arbor," on page 36, may serve. 

The diameter of the part to be screwed should be such that a 
barely full thread is formed ; if it is left larger the thread will 
probably strip off. Thatpartof the arbor which will ultimately be 
cut off should beturnedslightly tapering, so as to form a guide to 
start the plate, thus avoiding a drunken thread. The arbor is now 
screwed, holding it by the square in the pin vice. The shoulder 
which passes through the bar is turned down, leaving it very tight 
intbehole; the heightofthisshoulderis measured from the up^et 
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>w^,lv: ,N'- :> i -A:vr>,<:c Nex: :he pi\xit on which the barrel rotates is 
V^-^v,s:«,i. .;:i\*.-.xc *.; vxT> ^'.jih: lo the hole; finally the lower pivot is 
v^*v<v- ".^v.-r^: .: a!;s.^ \v:v :Vil lo the hole. The leng^of this 
\v\v»; r.' JE.^ vo/1 :>,;: x /.atx: :or :::e slop finger is cut, the finger put 
^^^i", x:- ,-, :>c :vAO;: r.^: :>.x* v::: hole marked and drilled. The arbor 
-.> V ,"*^ *.v A,;\ ?.*": >,Ar,U :::::»:. A piece of binding wire is twisted a 
'xx^ ;• ."^-^ :vc:r,,-l :>,c xxlv o:':::c arlx>r,and some common yellow 
N.v*^' •.vi^:^tr\i .*Nv: t:. I: :> ho\; :n the fiameof a spirit lampmitil 
wv»l -^ ,*c. Jkv.,1 :>,r V, vl::r.s:xvv wnioallv into the water. Care should 
^v :akcv, :>.jt; :; :> -.io: o\x: ::ca:cv:. the lowest heat at which it will 
>j^ v^vct: Nc-ir,,: usi\;. I: r,:,u:c t^v^ hoi ii may go out of truth. The 
N<^-xv; o . :>,< s.\Av ".> :o y:x*\"vr,: Imming ; it also improves the steel 
\\>,".c>, ^v\v,o x^::; o: ;>,c \v,;:or wiihoui any scale on it, or, if an}', 
',; '.^^ >r>Av.l> :v:r,x^\ w;, av,*; :>,c ptcvx* is white and clean. The arbor 
',> v,o\\ v.',AxNv, x^w: ■/::<: l,;:::i\ ::; a spv^on filled with oil, and held 
;hc^v ;xr,;'* :>,c ."-.* :<::*.:<>. :; :> v.vnvroaay for polishing. The tool 
xXC>\"',';X\\ x^r, ;\\sv ,Vx tx^: :vvishing centre pivots may be used for 
:>,',> xv,v,vv<s A*.v^*.: x^:' Ia:v< rataor iari:er than those described 
^.>c:*,', j: cxi",t\x^> xn: ;^^ ;>,:> : vv< :hc whole of the pivots and shoulders 
A^t' xv.>,>>,cv-, ivr: :^v"/,^ >x;::,i:x^ and tlai, using tirst the steel and oil 
>:c:u* xV/,>;. ,;r,x; ?,',::>-;::: c \vi:h ihe bell-metal and red stuff. 

The xvV,c: hAv:v,3: Kx:: rin;j:hed oui. the centre hook and the 
:\\o v,v, v,>x*:xr\v hxV,cs x:T*r,c\:. il :s lapped and turned to thickness 
v^w ',:> x^wr, AvS^Ts Uam::,: :: slightly thick. It is now hardened 
Av,xl U'.v.iVAV, :v, ;hc s;;:::c nranncr x^s the arbor, the sides rubbed 
x'owv, >v,\xv:V,. ,;r.vX xv^,shx\; da:. The arbor is now inserted in 
•,V,x' \i'. "v*. ,;i:x; ;hc x^v'/.c: sorcwcxi on. If the barrel has too 
iv.v.x^':: c'.^; >>,;;kx\ :hc >V.v^;:'.v;o: xii^ainst which the collet bears 
v\»v, *:v :v,v.uv, V.wk ,; >h,*vic, i:\Mre is taken in measuring the 
V.oic^.'^. '.'v^ x;':V,c;x*.:v w,y. K^:o:inii in this respect. The squares 
,i!x" v,vn\ VxX^'iH\l s:::xV^;h \\i;h a sieel polisher and oil stone dust, 
shv^::x v.xv,. ,;v,x* :::c cr.os '.v>'.:shevi off either on the cement chuck 
i:i ;; I,;:ho.xV v.; a l,;v,;crn ,;::v; ;hc Swiss screw-head tool. Finally 
:hc v\^:'.:c!^ of :V,c Sv;;i,;:x\< xire ixiken off with the oil stone slip. 
If ;ho cr.vl of :hc si^Uxirc :s icv^uired «/<a</ flat, the fusee-end tool 
may Iv usov;. 

Maiuspring. — l:i rcplao-ng xi broken mainspring it should not 
be assuTUCv; ;h,\: :he oUi one was the correct strength. It often 
happeiis ;hai because it was the nearest to be had, or on 
acooiini of some fxUiIt in the train or escapement, a spring too 
strong has been xipplicvi. With a little experience the work- 
man's jiidpiient will be a fair guide: but a better plan than 
sending the old spring as a gauge is to send the barrel, and have 
a spring that will just drop into it as it is coiled up by the 
maker : such a spring \\-ill be found to give a sufficient vibration 
if the train is correclt, the balance of proper weight, and the 
cylinder not too open. 

When a spring which is of a proper length is broken close to 
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e eye, it will be sufficient to soften the inner end, punch a 
tsh hole for the hook, and carefiilly bend round anotner eye. 
For replacing Balance Spring, see page 33. 

JWatcn 'Bo-v.—[.4H?teaa.—I?er (/Ariiigei.J—The ring of a 
Uch case lo which the guard is attached. (_See Bow.) 
"^atch KCovement. — [Mouvemeiii. — Das Uhrwerk. — The 
lateswiththewheels and pinions composing the train. A watch 

Bthout the case. 



Sizes of Wycherley'B 
Watch Movements. 



.,... > 


ijtmeteria 


SfM. 


Dinmeterin 


No. 4 ■ 
No. 6 
No. H 
No. 10 


1-34 
1,41 
1.48 

_J:5S 


No. 13 

No. 14 
No. 16 
No. 18 


1-62 

.■B3 



Usoal LancaBhire Size. 




In a modern watch the necessity of economizing space has led 
to considerable ingenuity in 
planning the movement. In 
the appended drawing a b is 
the great wheel attached lo the 
barrel containing the main- 
spring, which forms the motor. 
(jn the barrel is planted at a a j 
star wheel, and fixed to the 
barrel arbor is a finger, which, \ 
at each rotation of the arbor, 
engages with a space of the star 
wheel and moves it round one 
division. After four rotations, 
a swelled portion of the circum- 
ference butts against the hollow 
of the finger and stops further movement. This prevents the 
mainspring being unduly strained by overwinding. 

In order to obtain aslargeabarrel as possible, the great wheel 
extends from the e.'itreme edge of the movement to the centre 
pinion, with which it gears. On the centre pinion is mounted 
the centre wheel c, which drives the third wheel pinion ; the 

tird wheel E, attached thereto, drives the fourth wheel pinion, 
le aeconds hand is carried by the fourth wheel f pinion, whicla. 
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is tktjretore planted so as to obtain a seconds dial of adequate 
sixe b^irwetjn the centre and the edge of the main dial. The 
6Hirth wheel dri\-es the escape pinion, on which is mounted the 
escape wheel o. The balance or controller d is as large, or 
neany as large^ as the barrel, and therefore must also be planted 
appn>x:uiately midway between the centre and outside of the 
moxxmeut. The connection between the escape wheel and the 
balance is thrv»ugh the intervention of a lever or cylinder, or in 
some v^tV.er way dependent on the kind of escapement adopted. 

The prv>|x^rtion of the \-arious wheels and pinions will be 
govenicvi by certain data. The centre wheel rotates always 
once in an hour; the tburth wheel always once in a minute. 
Then, if the number of vibrations the balance is to make in an 
hour, and the number of turns the barrel is to make in the in- 
terval lH^tw-een the windings of the mainspring are decided, very 
little latitude will be possible in the relation of the various 
(actors of the train to each other. Four turns are the usual 
number for the barrel in 30 hours, the period between winding, 
and either lo.ioo or iS.ooo the number of vibrations per hour of 
the balance : further, the escape wheel is almost universally 
made with 15 teeth. 

The most iax-oured trains are — 

For 1S.VV0 ^ 

vibralk^n* \ 

\^v hour ( 
l*Vr ici^Jvx^ » 

vibralions \ 

In the old full plate construction, there are two circular plates 
which enclose the movement, the balance being outside of the 
plale furthest from the dial, which is called the top plate. 

In the more modern three- quarter plate movement a portion 
of tlie top plate is cut away, and the balance lowered, so that 
the cock which carries the upper pivot of the balance staff is 
level with the plate. In this way a much thinner watch is 
possible, and the escapement can be more readily removed than 
with the full plate movement. 

Watch Pendant. — {Pmdant.—Der Gehduseknop/,'] — ^The 
little neck of metal connecting the bow to the band of a watch 
case. (See Bow.) 

Wax Lathe. — [ Tour a gommer, — Die Drehbank mit Lack- 
Schcibe.^ — A lathe in which the object to be turned is fastened 
with shellac or sealing wax. (See Lathe.) 

Wheel Cutting Engine. — \AIachine a tailler, — Die ^lA- 
schneidemaschi7ie,'\ — An engine for cutting the teeth in wheeJi. 
The wheel to be cut is fixed concentrically to the dividing platt, 
which is a plate having a number of small holes drilled on its 
surface. These holes are arranged in circles, each circle contain • 
iifferent number of holes cai^iuW^ s-^^ced^so that all thfi 
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neachcircleareequidistantfromoiieanother. A revolvii 
litter is brouglit to bear on the blank wheel and cuts one space, 
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the dividingplate being kept steady the while by a pin pressed 
by a spring into a hole of the particular circlethat has eitherthe 
same number of holes as the wheel is to have teeth or a multiple 
of that number. For instance, in cutting a wheel of thirty teeth, 
the 60 or the 90 circle might be used. When the first space is 
cut, the pin is shifted into the next hole (or next but one or next 
but two, as the case may be) and the cutter again brought into 
action, this time cutting the second space, and so on. For steel 
wheels serrated ormillingcutters are used, audfor brass generally 
asiugle or fly-cuttermnningat a great speed, or else two or more 

K cutters arranged in a boss so as to follow one another. For 
ling the cutter through theworkaleverisgenetaUv^^*^''-''^'^'^*- 
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ncTcw and hand wheel are steadier andleave a smoother smbet 
A most CHM^ntial condition for successfnlly cnttitig brass 
whcM'ln with a fly-cutter is jp'eai speedy and to obtain this with- 
out ahsor!)inj( unnecessary power the driving cord must be of 
ample Icnj^th so as to work without being unduly tighL The 
cord is often taken once round the pulley on the cutter spindle 
to j^<-t sufTicienl j^rip without being tight. A short tight cord 
will cause the centres of the cutter spindle to become dry and 
to heat, then the cutter will fail to get through its work, and 
the i>oint of it is likely to break. It is generally prudent to 
rotij^li otit the spaces with a serrated cutter like a circular saw 
with very coarse teeth. Fine teeth will clog. This will leave 
the finishing cutter with less to do, and there will be less fear 
of distorting the wheel by too heavy a cut. Most cutter spindles 
are formed with a collar and nut for fixing the circular cutters, 
and a mortice or a dovetail to receive fly-cutters, which are 
ti^^htened either with a wedge or a screw. Too much care can 
hardly be bestowed on getting up the finishing cutters. The 
sides must be filed up accurately to a gauge ; the slightest want 
of symmetry between them will be apparent in the wheel teeth, 
and on the polish of the cutter depends the brilliancy of the 
work. An ex])editious way of making a cutter to match an 
odd wheel is to turn a piece of steel to a pivot shape just to fit 
between the teeth of the pattern wheel. File away exactly 
half of the diameter and well polish the face and point, gi\'ing 
the latter just clearance. A cutter of this kind is not to be 
nMommended for i)ermanent use, because it is too weak and 
will not hear continued resetting. 

Dividing Plate.- On the accuracy of the divisions in the 
dividing', plate de])ends the truth of the wheels that are cut, and 
it nijiv lie useful to give a method of setting off the holes in a 
dividing', plate. Vox this purpose as large a disc of mahogany, 
slate, or other material easily turned and not liable to warp is 
mounted on the lathe as a chuck. The edge of the disc is 
ejirefttlly turned, and the face of it recessed to receive the blank 
dividing; plate. Divide the circumference of the disc by the 
ntimbei of holes it is desired to have in the largest circle of the 
dividing.* ])late, and through a piece of steel drill two holes 
whose centres are a])art exactly the distance so obtained. 
Through a piece of clock mainspring or other suitable steel 
hand, long enough to encircle the disc, holes are pierced to the 
ntim])er reiiuired in the largest circle of the dividing plate, and 
of exactly the same ])itch and size as those already drilled in 
the j)iece of steel which now serves as a template for piercing 
the l)and ; for after the first hole is pierced through the latter, 
a pin is ])assed thnmgh it and one hole of the template, while 
the second hole in the template serv^es as a guide for the drill 
Dunch in forming the second \\oU iu the band, and so on^ 
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"hen all the holes are formed in the band, the ends of it should 
I fastened by means of a small cover plate, which is soldered 
Ipinned on, care being taken that the pitch of the two end 




s kept exactly correct. The band being then placed on 
lie edge of the disc will, it is evident, answer [as a gruide for 
drilling off the largest circle of holes, and for any of the other 
circles having a regular fraction of the number. For the 
remaining circles the band is cut and disc turned down to suit 
as required. It is almost unnecessary to add that extreme 
exactness must be observed in all these operations to ensure a 
satisfactory result. The steel template is often made of two 
thicknesses of steel pinned together, leaving a slit between 
them through which the hand is free to slide, and one of the 
holes forms a holder for a punch. The pin that is fixed to a 
spring on the lathe, and passes into the holes of the band while 
the dividing plate is being drilled, should he taper, so as to fill 
the holes and keep the disc quite steady. In setting off the 
holes in the template, keep the pitch rather short than long, 
for if the hand is too small for the disc the latter can easily be 

turned down. 
I It is obvious that this disc and band method nvav he uaeAfoi 
^ . i 
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cutting a wheel or wheels in the lathe if no cutting engine is 
accessible. 

The wheel cutting attachment provided with American lathes 
is depicted in Fig. 2. The cutter spindle is fixed to the slide 
rest and driven from a countershaft at the back of the lathe. 
Motion is given to the countershaft by a belt Vhich runs from 
a pulley on the end of it to the treadle wheel. The cutter 
spindle may be adjusted either horizontally as shown, or verti- 
cally. In the latter case, the idle guide pulleys may be dis- 
pense! with. 

Wheels and Pinions.— f^^w^^ et Picons.— R'dder und 
yyirdf. ] — In the construction of watches and clocks it is neces- 
.sary to transmit motion from one arbor to anbther, so that the 
arbor which is driven rotates more quickly than the one which 
drives it. If it were practicable to use rollers with smooth edges 
for transmitting such motion, the diameter of the rollers would 
be inversely proportionate to the number of rotations made by 
their arbors in a given time. For instance, the distance apart 
of two arbors from centre to centre measures 3*7 inches, and it 
is desired that for ever>' time the arbor from which the power 
is taken rotates the other shall rotate eight times. The distance 
between the arbors is divided into nine equal parts, of which 
eight are taken xbr the radius of the driver, which rotates only 
once, and one part for the radius of the follower as it is 
called, which rotates eight times. Although it is not prac- 
ticable to drive with small rollers, which would slip unless 
l^ressed so tightly together 'as to cause excessive friction, 
the circles representing the rollers are the basis on which 
the wheel and pinion are constructed. They are called the pitch 
circles. The acting part of the teeth of the driver is beyond its 
pitch circle, and the acting 
part of the teeth of the follower 
within its pitch circle. In 
most of the toothed wheels 
with which watchmakers are 
concerned the driver is the 
wheel and the follower the Fig. i. 

pinion. The shape for the acting part of the wheel teeth is an 





diameter of the wheel, and on it a smaller circle rolling in the 
direction of the arrow. If these two are made of brass or any 
thin material, and laid on a sheet of paper, a pencil fixed to the 
circumference of the small roller will trace a curve as shown. 

Vi?..^^^ve is the acting part of the wheel tooth. 
^Ihis acting part of the pinion leaves must be produced by 

""■ same sized roller as was used for the points of the wheel 
h but in a different manner. The pinion flank should be 
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hypocycloidal in form. A hypocycloid is ob*? 
tained by rolling one circle within another 
, instead of upon it. The most convenient size 
for the generating roller for both wheel and 
' pinion is half the pitch diameter of the pinion. 
In Fig. 2 is a circle representing the pitch circle 
of the pinion, with another circle half its size 
rolling within it, and in this case the point 
described by the pencil would be a straight 
lial line, which is a suitable form for the pinion, 
ffeeth fonned in this way will transmit the motion uniformly 
the same speed as though the pitch circle rolled on each 
!Tier without teeth, and will also meet another important re- 
quirement. The action between the teeth will take place almost 
wholly aiter the line of centres — that is if the pinion has not 
less than ten leaves. The difference between engaging and dis- 
engaging friction is very great, especially if the surfaces in 
contact are not quite smooth. Wheels which have any con- 
siderable portion of their action between the teeth as they are 
engaging or before the line of centres, not only absorb consider- 
able power thereby, but wear out rapidly. With a larger genera- 
ting circle more of the action between the teeth of the wheel and 
the leaves of the pinion would take place after the line of centres, 
which is a consideration with low numbered pinions, but then 
a larger generatingcircletracesapinionleaftoo weak at the root, 
The pitch circle of the wheel is spaced out so that the teeth 
and the spaces are equal. To allow of necessary freedom the teeth 
or leaves of the pinion are less in width than the spaces. The 
distance between the centre of one leaf and the centre ol the 
next may be divided into -6 for space and '4 for leaf.* 

The pinion leaves are finished with a semi-circular piece pro- 
jecting beyond the pitch circle as seen in Fig. 3. They would 
work without if properly pitched, but would not be safe as the 
depth becomes shallow from the wearing of the holes. Some 
prefer a Gothic-shaped projection like Fig. 4, which is of epi- 
cycloidal form, the same as the wheel teeth. This is a ver 
suitable form if the pinions are low numbered, for, althougj 
with it the action takes place more before the line of centres, 
safer depth is en.sured. 

The teeth of the wheel are extended within the pitch line to 
allow of clearance for the addendum of the pinion. The root 
or part of the wheel tooth within the pitch line is generally 
radial. The comers at the bottom of the tooth may be rounded 
for strength, but these round comers must not be so full as to 
engage the points of the pinion leaves. The action should 

" The "pitch" of wlieels and pinio 
of the pitch circlebetween the centrei 
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nf llii> (rrth uttlpjiing if the mu\ti»prinf( breaks. 

ir Ihr tiltioti In U} be tt^d OH the driverfand tbe wined » 
llti" fnllowiM . M»i III the* ciiHC in the motion 
W(Mk of wntrhrii luid rlorkM, the points 
Mrihr|»hihm tcrthinuM bccpicycloidal, 
rtiHt Ihr ion|«» ol thr wheel teeth hypo- 
rvrlnlitrti »»ltirk with the wunc gcncrat- 
Iny I Ih'Ir. 1^(11 theeouvenienccof utting 
wlun U mimI |il)H(Mtfi liMll.Hcritninatclyas 
(tMvrtQiuutlollnwrt^.enKineerH general- 
ly M«3t' ii ijriuiuUnK i'itvle who.Hc dia- 
imirt - Ihr nllrh X .*\;i lor the |K)intH 
immI MMilmil nit whrrlMint<l])inion.Hofthc 
»»iiHM pHrh *V\\v tip of the uddenduni 
l»3 irniovnl in hnlh wherln and pinions. 

II iiHHr limn two whreln gear together, the acting parts of all 
«»lH»nl«tl»r»itinrk lionUheHanieHi/ecrgeneratingcircle. Thenum- 
Im'J ol trrth inn whrel hearM exactly the same proportion to the 
nionltrt ol trrth in a piniott with which it gears, as the diameterof 
thr j»H( h (I trlr»» of the wheel and pinion bear to each other. If the 
pini«»n whoMc pitih circle is 'H of an inch in diameter has 10 
tcrth. thrn the wheel with ajntch circle of6*4 inches in diameter 
will hnvc Mn teeth, because '8 is contained 8 times in 6*4, and 
i(» X M Hn. Iltit the outside or full diameter of a wheel or 
pinion Im tn»t pvoportioiud to the pitch diameter. The adden- 
dnnt Ol poitimt of the tooth heyond the acting part bears refer- 
ence luthei to the si/eof the generating circle and to the width 
ol the teeth than to the diameter of the wheel or pinion. 

The tallies otj oage 410, prepared by Mr. A. Lange, give the 
amount to he adued to the pitch diameters in order to obtain 
the full dianieter of wheels and pinions, in which the teeth and 
spaces of the wheel are of e(jual width and the pinion leaves 
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'4 of the pitch. Mr. Lange has taken the height of the addenl [ 
dnm of the wheel to be equal to the width of the tooth, wWcblinc 
is sufficiently accurate for all practical purposes. When aly 
slide gauge is used for measuring pinions with an odd»number|sin 
of leaves, the true diameter is not obtained because the points| 
of the teeth are not opposite. To meet this, a separate column 
is given showing the proper allowance to be made. 

These tables will be useful in drawing off the caliper of 
watch or clock, and in many other instances when it is desi 
to find the full diameter from the pitch diameter, or to, find the 
pitch diameter when the full diameter is given. 

Example, — The full diameter is required of a pinion having 
lo teeth, whose pitch diameter is '8. In table 2 opposite 10^ 
find 1*126 as the full diameter of a pinion whose pitch diameter 
is I. Then -8 X 1126 = -9008, the full diameter required. 

If the full diameter is known and the pitch diameter is re- 
quired, the full diameter is to be divided by the number in the 
table. 

Example, — The full diameter of a pinion with 10 leaves being 
•9008, what is its pitch diameter? Then '9008 -r- i'i26 = '8, 
which is the pitch diameter as given in the preceding example. 

In drawing off the caliper of watches and clocks it often 
occurs that the numbers of a wheel and pinion are known, and 
also the distance apart of their centres ; their diameters are 
then required. Then the pitch diameter of the wheel and 
pinion together = twice the distance of centres given. This 
whole distance is then to be divided into two portions. If we 
take the sum of the wheel and pinion teeth to represent the 
whole length, then the length of the portion representing the 
diameter of the wheel will be; in proportion to the number of 
t'^eth contained in the wheel, and the remaining portion will 
^ epresent the pitch diameter of the pinion. 

Example. — A wheel of 80 and a pinion of 10 are to be planted 

•5 --'^hes apart — centre to centre. Required their respective 
wcrs. Then 3-6 x 2 = 7*2, and 90 : 7*2 : : 80 : 6*4, which 
^.*Uis pitch diameter of the wheel. And 7*2 — 6*4 gives -8 for 
teetb»itch diameter of the pinion. 

will .intern pinions work very smoothly as followers, though they 
10 -unsuitable as drivers. The space occupied by the shrouds 
pii eludes their use in watches, but in the going parts of clocks 
d' ey answer well. 

f For the convenience of ready calculation it may be assumed 
du^tthe addendum of the wheel teeth increases the size of the 
wheel by three teeth. For instance, the pitch diameter of a 
whfeel:of 80 teeth is 2 inches. Then its pitch diameter would 
bei^r the same proportion to its full diameter as 80 does to 83 ; 
or ISc ; 2 ; : 83 : 2-07, which is the full diameter. 
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e way it may be taken that the circular addendum 
Rcreases the size of the pinion by i '25 teeth and the epicycloi' 
3al addendum by i-gS, or nearly 2 teeth. This is, of course, 
Supposing the width of the pinion leaf to be '4 of the pitch. 

If the pinion is to be used as the driver, it must havei 
epicycloidal addenda to ensure proper action. I believe an 
opinion prevails among some watchmakers that the circularly 
rounded pinions may be used as drivers if they are sectored 
large, and that they are so used for motion work, but such a 
practice is altogether wrong. 

In the motion work of keyless watches the followers are used 
as drivers when the hands are being set. and a good form of 
tooth for motion work generally may be obtained by usin^ for 
roots and points of both wheels and pinions a generating circle 
of a diameter equal to twice the pitch. This gives a short tooth 
which will run smoothly when at full width. The form of 
gearing suitable for the train permits of too much shake for 
motion work. 

Wheel Stretching Tool. — The appended engraving represent* 
wheel stretching tool in which the wheel after having 




I 
I 

I 



been stretched remains straight and runs true. The wheel 
be placed between the circular shaped stake and the adjust 
revolving drum, so that it is held between the two with a slij. 
pressure. When the crank of the tool is turned, the revolvit 
drum drags the wheel round and at the same time stretches i 
perfectly equally. 

WMtehurst, John. — A celebrated clockmaker, inventorj 
of "Tell Tale" clocks, born at Congleton in 1713, died '-^ 
London in 178S. 
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H Wig Wag.— [ IVi^ li'ag.—f/iit und keriSchld/maschau). 

^V .^^^^k. ^^ ^°S>i>'^ xhaX. impai 

H ^^^^^^^. toand-&x} motion ti 

H ^^^^^^^^^ polisher for pinion leai 

H ^^^^^^^^^ aud the like. 

Winder. Bench Winder. — Curn' a remanter, — ZJa- 
SMiissi/.^ — A key ii.sed for winding watches by awatchmaker. 
It is about four inches long, and is made generally from a piece 
of pinion wire. Clock keys are often spoken of as winders. 

Birch's Winder. — This is an ingenious key for fitting any size 
of watch square. The bollow steel square projects from an outer 
case, and may be projected still further by pressing a knob at the 
other end of the case. The square is split into halves, theslitson 
each side of the body Ijcing taper, ana widest at the mouth of the 
case. A pin in the 
case passes 
through the wide 
part of the slits, 
and .so, as the square is pressed outof the case, the narrowparts of 
the slits coming into contact with the pin compel the square to 
open. The winder isthen placed in position, and astheknobis re- 
leased the key closes on to the winding square. UTienthewinding 
is completed, the knob is again pressed to release the winder. 

"Winding SqaaxB.—lCarre'.—Dcr Ati/zieAsafi/en.^ — Tbe 
squared termination of the barrel or fusee of a watch or clock 
to which the key or winder is attached. 

Wire Qaxige-—[Fi7h-c.~Bas Drahimaass.'] 
New Legal Standard Wire Gauge. 

The following table gives the numbers of the revised and 
legalized Birmingham Wire Gauge, and their equivalents IL 
^cimal parts of an inch :- 



l_legal 

■a<!ciii 



423 



B.W.G. 


Inches. 


B.W.G. 


Inches. 


B.W.G. 


Inches. 


B.W.G. 


Inches. 


7/0 


•500 


9 


•144 


24 


.022 


39 


•0052 


6/0 


•464 


10 


•128 


25 


.02 


40 


•0048 


5/0 


•432 


II 


•116 


26 


•018 


41 


•0044 


4/0 


•400 


12 


•104 


27 


•0164 


42 


•004 


3/0 


•372 


13 


•092 


28 


•0148 


43 


•0036 


2/0 


•348 


14 


•080 


29 


•0136 


44 


•0022 





•324 


15 


•072 


30 


•0124 


45 


•0028 


I 


•300 


16 


•064 


31 


•01 16 


46 


•0024 1 


2 


•276 


17 


•056 


32 


•0108 


47 


XX)2 


3 


•252 


18 


.048 


33 


.01 


48 


•0016 


4 


•232 


19 


.040 


34 


•0092 


49 


•0012 


5 


•212 


20 


.036 


35 


•0084 


50 


•0001 


6 


•192 


21 


.032 


36 


•0076 






7 


•176 


22 


.028 


37 


•0068 






8 


•160 


23 


•024 


38 


•0060 




1 



Woerdy • Charles V., born 1821, died 1888. A clever 
mechanician who did much to advance the art of machine 
watchmaking by designing automatic tools for the Waltham 
Watch Company, of which he was mechanical superintendent 
from 1875 to 1882. 

Wycherley, John, born in 18 17 at Prescot, lyanca^hire, 
where he founded the machine-made watch movement industry. 
Died at Southport 1891. 

Zinc. — {Zinc, — Das ZinkJ] — A piece of zinc may be readily 
severe by making a deep scratch at the place of desired separa- 
tion and running mercury into the cut. When the mercury has 
soaked into the zinc, but little force is needed to part it 
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Weight of Lead, Zinc, and Cast-iron Cylinders One 

Inch Long. 



p Irani. 


wnoar m pouuds. | 


iDiAnna 


wBuiHT m porifm. { 
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IBML 
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•020 


•012 


•012 


8-25 


3-400 


2-008 


2*166 


-6 


•060 


•049 


•060 


8-6 


3^944 


2-434 


2-491 


•75 


•180 


•111 


•114 


3-76 


461 


2-783 


2-865 


1 


•821 


•198 


•204 


4 


6149 


3177 


3-265 


1'25 


•608 


810 


-319 


4-26 


6-813 


3-687 


3-686 


1*6 


•724 


•447 


-469 


4-6 


6-619 


3-922 


4134 : 


1-76 




•607 


-624 


4-76 


7^266 


4-483 


4-607 ' 


2 


1*287 


•794 


•816 


6 


^•048 


4-966 


6-103 1 


2*26 


l^OdO 


1^006 


1-033 


6-26 


8-872 


6-474 


6-626 


2-6 


2-009 


1-239 


1-274 


6-6 


9-737 


6-008 


6176 


2-76 


2-434 


1-602 


1-644 


6-76 


10-643 


6-667 


6-749 


B 


2-897 


1-788 


1-837 


6 


11-690 


7-162 


7-350 



The above table will be found useful for readilyascertaining the weight 
of cylinders for pendulum bobs and clock weights. Example : — Required, 
the weight of a lead pendulum bob 3 inches diameter, 9 inches long, which 
has a hole through it 75 inch in diameter. The weight of a lead cylinder 3 
inches diam. in the tableis2*897, which multiplied by 9 (the length given) = 
26*07 J^'*' Then the weight in the table of a cylinder 75 inch diameter is 'iS, 
and -18 X 9 = 1-62. And 26*07 — 1*62 = 24*45, ^^e weight required in lbs. 
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Signs and Abbreviations. 

= is the sign of Equality : thus, A = 6 means that A is equal 
to 6. 

4- (plus) is the sign of addition ; thus 6+4 means added 
to 4. 

— minus or less than ; thus 5 — 2, which means 5 minus 2. 

X signifies Multiplication; thus 5x2 means 5 multiplied by 2. 
Multiplication is also indicated by writing the factors 
when they are not numerals one after the other ; thus, 
c d e^ which means c multiplied by d and the product 
thereof multiplied by e, 

-T- stands for Division; thus, 12-^-3 means 12 divided by 3, 
Division is also indicated by writing the divisor undjer 
the dividend with a line between them ; thus a, which 
means that a is to be di^dded by ^. ^ 

: : : : signifies Proportion ; thus, 2 : 3 : : 4 : ;i:, which means as 
2 is to 3 so is 4 to Xy or to the answer which when un- 
known is usually indicated by x. 

A small * placed at the upper right-hand corner of a 
quantity indicates that the square or second power of 
the quantity is to be taken ; thus, 3* means the square 
of 3, that is 3 multiplied by itself. 

If the index figure is * instead of * it indicates that the 
third power or cube of the quantity is to be taken ; thus, 
6' means the cube of 6, or 6 x 6 x 6. 

^ stands for root, and if used as shown without a small figure 
attached represents the square root ; thus, y/ 9 means 
3 ' the square root of 9. 
V represents the third or cube root. 

When a bar is appended to quantities it indic ates that the 

quantities are to be taken together; thus, y' 20 x 12 + 6, 
which means that 20 is to be first multiplied by 12, 
and the square root of the product is to be extracted and 
added to 6. If the bar were not there it would mean 
that the square root of 20 was to be extracted, and this 
root multiplied by 12 and the product added to 6. 
Instead of a bar being used, quantities which are to be 
taken together are sometimes enclosed in parentheses () 
or brackets []. 

m. Minute of time = eVth of an hour. 

s. Second of time = a-sVoth of an hour. 

^ Degrees of Arc ; 1° = a-Jirth of the circumference. 

' Minute of Arc = «Vth of a Degree. 

^ Second oi Arc = ^hrth of a Degt^^, 



426 



Trignometrical Definitions. 

A Circle is divided into 360 degrees, and each c[uadrantal ait 
therefore contains 90. If a quadrantal arc is divided into t^ 
parts, as in the diagram, whatever number of the degrees is 
contained in the one part (a), the difference or complement oE 
90 is contained in the other part. 




Taking the radius as i, the value of the various functions of a 
given angle and of its complement may be thus expressed. 

Sin.* + Cos.* = I Sec. = i -r- Cos. 

Tan.* + I = Sec* Cosec. = -r- Sin. 

Cot.* + I = Cosec* Vers. = i — Cos. 

Tan. = Sin. -f- Cos. Covers. = 1 — Sin. 
Cot. = Cos. -f- Sin. 

If the sine of the angle A in the diagram were produced till it 
touched the lower part of the circle, it would then form a chord 
of double the angle ; therefore, Sin. \/ -r 2 X 2 = Chord. 

Note.— A table of Sines, Tangents, &c., is given at page 427. 
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Table of Sines, Tangents, &c. 




^" 


1 


t 


Sine. 


COTOT. 


CMBcnt. 


Tangt Cotang. 


Secant | Vrm 


dwii.. 


i 




^k 


■00 


1-00000 


Infinito 


■0 loBnite 


l-Oi-OOO -0 


i-oooop|oa'. 




■01745 


■98264 


67^296fa 


■01746 57-2899 


1-00015 -000 
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■03489 
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23 '6537 
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94766 
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■9)186-2 ;S7, 
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B3024 


U-335S 
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■08715 
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11-4737 


■08748 


11-4300 
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■99610 


1 




■10*62 


89547 


9^566" 


■10610 


9-5143 


1-00560 -OWrf 


■99452 




■12186 


■S7S13 


S-205S 


-12278 


8-1443 


1^007 6U -0074 


■99264 




■1S917 


■86082 


7^I85'- 


■14064 


7^1163 


1 ■00982 -009' 


■99026 






■15643 


■84356 


6^3924 


■15838 


63137 


1 ■01246 -01 i 


■9S76S 


81, 




■17364 


■82635 


5^7587 


■17632 


5-6712 


1 ■0164-2 -015 


-9S480 


so' 




■19080 


■80919 


6-2408 


■10438 


5-1445 


i -01871 


■01 s; 


•98162 


7S 






■20791 


•7920B 


4-809- 


■21255 


4-7040 


|-0-.*^234 


-021S 


■97814 


78 






■22495 


■77504 


4^4454 


■23086 


4^3314 


[■02630 


■0256 


-974S7 


77 






■24192 


■75807 


4-1335 


■24932 


4-0107 


I ■03061 


•0297 


■9;0-29 


76 






■25881 


■74118 


3-863" 


■26794 


37320 


1-03527 


•0340 


-96692 


75 






■27563 


■72436 


3-6279 


■28674 


3-4374 


1 ■04029 


-0:iS7 


■96126 








■29237 


■70762 


3^420: 


■30573 


3-2708 


1-045691 -0436 


■95630 


73 






18 


■30901 


■69U98 


3^2360 


-33491 


3^0776 


1 ■051461 -0489 


■95105 


72 






10 


■32536 


■67443 


3^07I5 


-34432 


2-9042 


105762 


054, 


■94551 


71 






20 


■34202 


■65797 


2-9238 


■36397 


2-7474 


1-06417 


-0603 


-93969 


70 






SI 


-35S3G 


■64163 


27904 


■38386 2-6050 


1-07111 


-0664 


■93358 


69 






n 


■37460 


■62539 


2-6694 


-404021 2-4750 


1-07863 


-0728 


■92718 


66 






23 


■39073 


■00926 


26593 


-42447 2 -3554 


1-08636 


■0794 


-92050 


67 






24 


■40673 


■59326 


2^4585 


■44522 2^2460 


1-0946:) 


■0864 


■91354 


66 






25 


■42261 


■57738 


2^38e2 


■46630 2^1445 


1-10337 


-0936 


-90630 
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Z6 


■43837 


■56162 
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■48773 2^0503 
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-89870 
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■54600 
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■50952 P9026 
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2S 


■46947 


■53052 
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-5317U 1-8S07 


1-13257 


■1170 
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62 






2S 


■48480 


'51519 


2^C626 


-55430 1-8O40 


1 ■14.335 


■1253 


■87461 


61 






30 


■50000 


■50000 


2-0000 


-57735 1-7320 


1 ■15470 


■1339 


■86602 


60 






31 


■51503 


-48496 


19416 


■60086 1-6642 


M6663 


-1428 


■8571B 


GS 








■52991 


■47008 


1^8870 


■62486 1-6003 


1 ■17917 


■1519 


■84804 


5B 








■54463 


■46536 
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-64940 1 -5308 
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■44080 


1-7882 


■67450 l-i»25 
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■I70U 


■82903 
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16 


■573S7 


■42642 


1-7434 


■70020 1-4-281 


1-22077 
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56 






M 


■58778 


'41221 


1-7013 


-72664i 1-3763 


I ■23606 


■1909 


-80901 


64 






17 


•60181 


■39819 


1^6616 


-75366 1-3270 


1-25213 


■2013 


79863 


63 






B 
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■38433 


1^6242 


-7812S 1-2799 


1 ■26901 


■2119 


78801 


62 






» 


■62932 


■37067 


1^5890 


-80978 1-2348 


1-28675 


■2228 


77714 


61 






M 


■64278 


■35721 


1-5557 


■83909 1-1917 


^30540 


■2339 


76604 


60 






41 


'65605 


■34394 


1-5242 


■86928 1-1503 


1 ■32501 


■2432 


■75470 


49 






42 


■66013 


■33086 


1-4944 


■90040 1-1106 


P34563 


■2568 


'74314 


46 






43 


■68199 
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1-466; 


■03251 1-0723 


P38732 


■2686 


■73136 


47 






44 


■69465 


■30534 


1-4396 


-96568 1-0355 


1^9016 


■2806 


71933 


43 






U 


■70710 


■29289 


1-4142 


l-OOOOOl 1^0000 


1-41421 


-3828 


-70710 


46 


^ 


ICoiiii. 
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Secant. 


CoUog. Tangt. 


Coteunt 
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Sine. 




■ 
















■ 




■ 
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Thermometers. 



Coniparisoti of the scales of Fahrenheit, Reamnnr. and tix 
Centigrade, between the freezing, and theboilingpoiiitdrvaler— 



^WWr t 


AlMM. 


Cmi 


flakr 


Baum 


CmL 


*-• 


J 

r 


212 


80 


100 


110 


34-7 


43-3 


68 


16-0 


»$ 


208 


72 


06 


107 


33 '3 


417 


65 


147 


IBt 


IM 


76 


00 


104 


32-0 


40-0 


02 


13-3 


: 167 


135 


68 


80 


101 


307 


38-3 


00 


12-0 


lS-6 


176 


64 


80 


08 


20-3 


367 


06 


107 


13-8 


167 


60 


70 


00 


28-0 


35-0 


63 


9-3 


U-7 


108 


06 


70 


02 


267 


33-3 


00 


8-0 


»• 


140 


02 


60 


80 


20*3 


317 


47 


67 


8*3 


140 


48 


60 


86 


24*0 


30-0 


44 


6-3 


•7 


181 


44 


05 


83 


227 


28-3 


41 


4*0 


M 


122 


40 


00 


80 


21*3 


267 


88 


27 


3^ 


110 


887 


48*3 


77 


20-0 


25-0 


85 


•1-3 


17 


116 


87*8 


06-7 


74 


187 


23-3 


32 


0-0 


M 


118 


86*0 


40D 


71 


17-3 


217 









NoTit. Zero l'*ahrcnheit corresponds with minus 17*78 Centigrade and 
minus 14*22 Reaumur. Any other number of degrees. Centigrade or 
K^au in ur, ttiay l>c converted into degreesFahrenheit by the following rales : 

Let F = No. of degrees Fahrenheit. 
C = „ „ Centigrade. 
R =3 „ „ Reaumur. 
C X 9 R X 9 
Then F = + 32 or F = + 32. 
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To Extract Root of Whole Number and Decimal 

Parts. 

If it is desired to extract the root of a whole number and 
decimal parts, multiply the difference between the root of the 
whole number and the next higher number in the table on page 
429 by the decimal part of the given number, and add the pro- 
duct to the root of the whole number given ; the sum will be the 
root required, correct at all events to three places of decimals. 

r^XAMPi^K.— Required the square root of 60*2. 

V 61 = 7-8102 

\/6o= 77459 



X)643 X '2= '01286 
And 77459 + '01286 = 775876 the root required. 





^ 


^^ 




+29 


^^ 








Square 


Boot of Numtiera &om 1 to 200. 




Extract Root of Whole Number 


imtn 


n>na/p„rl 


set' preceding pag*- 




No. 


H'luari 


Xo. 




A'o, 


Square 


Jfo. 


A^uare 






NooU. 


Root*. 


Roott. 


RooU. 




'Y~ 


1-0000 


61 


7-1414 


101 


10-04B8 


12-2882 






2 


]'4I42 


62 


7-2111 


102 


10-0996 


162 


12-3288 






3 


1-7320 


63 


7-2801 


103 


10-1488 


153 


12-3693 






4 


2-0000 


64 


7-3484 


104 


10 1980 


154 


12-4096 






5 


2-2300 


55 


7-4161 


106 


10-2469 


IS'i 


12-4498 






6 


2-4494 


56 


7-4833 


106 


10-2956 


1511 


12-4809 






7 


2-64S7 


67 


7-6498 


107 


10-3410 


157 


12-5289 






8 


2-8284 


68 


7-6167 


108 


10-3923 


168 


12-5698 






9 


3iX)00 


69 


7-6811 


109 


10-1403 


159 


12-6005 






10 


3-1622 


60 


7-7469 


110 


10-4380 
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11 


3-3166 


61 


7-81i)'2 


111 


10-5356 


161 


I2'>I8S5 






12 


3-4641 


62 


7-8740 


112 


10-5H3U 
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12-7279 






13 


3-6056 


63 


7-9372 
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lO-OJMil 
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12-7671 








3-7418 


61 


8-0000 


114 


10-6770 
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12-8062 






IS 


3-8729 


65 


8-0622 


116 


10-7238 




12-8462 






16 


4tX)00 


66 


8-1240 


116 


10-77M 


166 


12-8840 






17 


4-1^1 


07 


8-1853 
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12-9228 






Is 
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68 


8-2462 
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10-8627 


168 
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I'J 
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69 
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13-0000 






ao 


4-47-JI 


70 


8-3066 
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10-9514 
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13-0384 






21 


4-5826 


71 


8-4-261 


121 


llOOOO 


171 


13-0786 






22 


4-6l»4 


72 


8-4852 


122 


11 0453 


172 


I3-I14S 






23 


4-7968 


73 


8-5440 


123 


11-01)05 


173 


13-1529 






24 


4-B98f> 


74 


8-6023 


1-24 


11-1355 
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13-1909 






25 
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75 


8-fi602 


125 


11-18(13 


175 


13-2287 






■M 
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76 


S-7177 


126 
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13-2664 






27 
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77 


8-7749 


127 
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177 


13-3041 






28 


5-2015 


78 


8-8317 


128 
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13-3416 






29 


6-3851 


79 


8-88SI 


129 


11-3078 


179 
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80 


8-9442 


130 
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81 
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9-0553 
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184 
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9-2736 


130 


11-6619 
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IS 


6-4807 
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«) 


39 U 
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30 
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>4 
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64 


94 
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8-87 
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30 


72 
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9« 


10 


40 


128 


8-59 


73 


«> 


* 
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1 
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29 
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dS 
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8 
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73 
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s 
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30 
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S4 
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30 
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7-9 
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8 


30 
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9^ 
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32 
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86 


6+ 
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30 


SS 
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34 
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30 
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^ 


SOI 
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80 
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30 
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84 
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94 
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30 
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6-69 


&4 
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34 
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6-5 
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32 
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98 
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S4 


78. 
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S4 
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i 


»>> 


98 
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96 


^ 
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7S 


S 


29 
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S4 
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7 35 154 
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SO 
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HH 


96 
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5-78 


S3 
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32 
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>4 


7S 
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84 


7S 


s 
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7S 


t 
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10 


30 
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7S 


8 


31 
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27 


165 
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7S 


t 


24 
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S4 
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38 
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8 


30 
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8 


25 
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84 


7S. 


8 


32 
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S4 
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i 


39 
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8S 
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30 
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35 


6 


25 
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84 
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i 


25 
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84 


1 1 


i 


40 
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84 
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7 


25 
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S4 


78 


J 


40 
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84 
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32 
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45 36 
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33 
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• These are tfood examples* of turret clocks trains : the 'great* wheel't 120 teeth) makes in 
h<ith instancf^s a n^tatirn in three hours. From this wheel the hands are to be driTen. Tbis 
may he done I)y means of a pinion of 4.0 gearing with the great wheel, or a pair of bevel wbeels 
bf*aring the same proportion to each other i three to one) may be used, the larger one beiof 
fixed to the great wheel arbor. The arrangement would in each case depend apoo the nvmber 
and position of the rlials. The double three-legged gravity escape wheel moves throoffa 600 
at each tx'at, and therefore to apply the rule given for calculating clock trains it anst be 
tntated as in an escape wheel of three teeth. A turret clock train for i^ sec. pendnlnm is^tveo 
• ^he heaii of " Turret Clock," 



drcumferQnoes and Areas of Circles udTanciug 




by Tenths, 




Tkecir 


cumferenet of a circle — diameter 


^3'-f'S9- (' " I""! 


by mathematicians to represent J '4159-) 


near 


a of a circle = the square of the diameter X '/Jj^. 


The diameter of a circle X '886226 = lA 


fide of an equal square 


The diameter a/ a circle X y>7i ■=. the side of an inscribed square. 




An arc 


9f5r^957S° = ^*« radius. 
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~i 
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■2 
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S 
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4-7124 


1-7S71 


-6 


17-2788 


23-7683 






■6 


B-02fl6 


2-0106 


-e 


17-6929 


24-6301 






■7 


6-3407 


2-2698 


■7 


17-9071 


25-5176 






■8 


&-6S48 


2-6446 


■8 


18-2212 


26-4208 






■B 


S-eOBO 


2-8362 


-9 


18-6354 


27-33B7 






2 


6-2832 


3-1416 


6 


18-3406 


28-2744 






•I 


H-5973 


3-4636 


■1 


19-1637 


29-2247 






2 


6-9UG 


3-S0I3 


■2 


19-4779 


30-1907 






■3 


7-2256 


4-1547 


■3 


19-7920 


31-1726 






■4 


7-6308 


4-623B 


-4 


20-1062 


32-1699 






■s 


7-8540 


4-9087 


■5 


20-4204 


33-1831 






■6 


8-1681 


6-3003 


•6 


20-7345 


34-2120 






■7 


8 -4623 


5-7255 


•7 


21-0487 


35-2666 






■8 


8-7964 


6-1575 


-8 


21-3628 


36-3168 






■B 


9-1106 


6-6062 


■fl 


21-6770 


37-3928 






3 


9-4248 
9-7389 


7-0686 
7-5476 


7 
■1 


21-BB12 
22-3063 


38-4846 
39-6920 






■2 


10-0531 


8-0424 




22-6196 


40-7161 






■3 


10-3672 


8-5530 


-3 


22-9336 


41-8539 






■4 


10-6814 


fl-0792 


■4 


23-2478 


43 0086 






•6 


10-BB58 


0-6211 


■6 


23-5620 


44-1787 






■e 


11-3097 


10-1787 


-6 


23-8761 


45-3647 






■7 


11-6239 


10-7521 


■7 


24-1903 


46-5663 






■8 


11-9380 


11-3411 




24-6044 


47-7837 






■9 


12-2522 


11-9459 


•9 


24-8186 


49-0108 






4 


12-5664 


12-5664 


8 


25-1328 


50 ■2056 






■I 


12-8805 


13-2025 


■1 


25-4469 


61-530n 






■2 


13-1947 


13-8544 


■2 


25-7611 


52-8102 






■3 


13-5(188 


U-rri-iO 


-3 


26-0752 


54-1062 






"? 


13-8230 


15-2053 


•4 


26-3804 1 S5-4178 








141372 


15-9043 


■5 


26-7036 1 Gfi-7451 






^ 


H-4513 


16-6190 


■6 


27-0177 1 58-0881 






■7 


11-7655 


17-3494 


-7 


27-3319 B9-446B 






■8 


15-0796 


18-0956 


-8 


27-6460 60-8213 






■B 


16-3938 


is-s:.T4 


-9 


27-0602 62-2116 




\ 










J 


1 









1 



I 



I 
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■ ^Ti ■ tmL 


: .t^ 


HtmL 


a^^mm. [Arm. 


- • 


■>"ir-i4 


fStilTi 


-5 


45-8688 


166-130I 


t 


'i>*.Ji*5 


«itisai 


•• 


4S-8073 


167-4156 


. ^ 


5^*«!^ 


•147^ 


-7 


46-1816 


169*7170 


$ 


3-:m» 


«riiJ9£ 


•• 


46-4866 


17-^-0340 


' ^ 


21 SiU 


«»3H73 


•• 


46*8006 


174-3666 


-« 


a»*i4ui 


?i«K$ 


U 


47*1240 


176-7150 


ti 


Jtt'tJWS 


:^-3«» 


'1 


47*4381 


179-0790 


* 


JUHTTij 


::j't««a 


t •« 


47-7523 


181-4588 


* 


3U':>n« 


75*i:2IH 


i ^ 


480664 


183*8542 


^ 


31 Oil:* 


7ll'tJ77U 


' -4 


48-3806 


186-2654 
188-6U£t 


Oil 


3KIM 


T^fiMM 


-6 


48-6948 


I 


• 31^3111 


' A-U;tt 


•• 


4i-€060 


191-1348 


-^ 


STtMrtS 


1 51-71311 


•T 


48-3231 


193-59^ 


d 


3e*3S)«ll 


srssM 


•s 


48*6372 


196-06?2 


^ 


3etir» 


;f4iMi» 


•• 


48-9614 


198-5569 


^ 


3£*^it«l» 


:iS-jlW3 


i 1< 


50-9656 


201-0624 


ti 


33\JIM» 


»:iC3 


-1 


50*5787 


203-5835 


fc 


33*tiUI 


:»'«9M 


-« 


60*8038 


206-1203 


•?! 


33'«5K 


«(tilMI» 


•s 


61-2080 


208-67*29 


11 


3«:SIM 


»3X33 


■4 


61-5224 


211-2411 


11 


3«i»ni 


t»tK04 


-6 


51*8364 


213-82$1 


' I 


34!5rir 


MTWl 


•• 


68*1505 


216-4248 


"* 


3a l:»l» 


A^iSaK 


■T 


S-4647 


219-0402 


i H 


30WC0 


i Wi»-^XT 


-s 


S-7788 


221-6712 


^ 


3a:^l«£ 


HK"t>n» 


t 


53-0830 


224*3180 


-3 


3tf l^S4 


' I>)3t»»l 


IT 


53-4072 


2-26-V806 


•n 


3tf U£$ 


KU$tfi$»l 


I 


53-7213 


229*6588 




3«^WT 


n?r-ii** 


•« 


MHB55 


232*3527 


^ 


r \*"W> 


l(?f»-33l» 


•s 


M-3486 


235-0623 


1> 


r3s«> 


lu-eaM 


■4 


M-6038 


237-7877 


■ It 


; yrtwtK 


ii3-ctr« 


•5 


M-9780 


240-5287 


I 


s^soiss 


lU^JW'-l 


-6 


55-2921 


243-2855 


•« 


' S>3^5 


116 ^(^ts9 


■7 


55-6063 


246-0579 


•3 


! s>im6 


ll>^a3l 


-8 


55^2M 


248*8461 


, >4 


i S>^vV> 


! iao-7«i 


-9 


56-2346 


251-6500 


•« 


»-rw 


i ie27lS7 


18 


56*5488 


-254-4696 


' ^ 


»\V>41 


1^4 ^»>1 


•I 


56*8629 


257 3048 




3»SS^ 


it26«r:i 


•« 


671771 


260*15^ 


•8 


40-21^4 


rjsts:i99 


•s 


57-4912 


263-0226 


-» 


40\v:« 


-4 


57*8054 


265-90^ 


13 


40S40S 


l32-73a5 


•6 


581196 


268*8081 


•1 


41 1549 


l»-78dft 


•6 


58*4337 


271-7169 


•2 


41*4691 


136SIS0 


•7 


587479 


271-64^ 


•3 


41-7832 


138-9294 


•8 


59-0620 


277*5917 


•4 


42-0974 


141-0264 


•9 


59-3762 


280-5527 


•6 


42-4116 


143-1391 


19 


59-6604 


2S352D4 


•6 


42-7257 


145-2675 


•1 


60-0045 


286-5217 


•7 


43^»99 


147^117 


•2 


60*3187 


289-5298 


•8 


43-3540 


149-5715 


•s 


60-6328 


292*5536 


-» 


43-6682 


151-7471 


-4 


60*9470 


295-5931 


14 


43-9824 


153-9384 


•6 


61-2612 


298^483 


•1 


44-2966 


156*1453 


•6 


61-5753 


301-7102 


•• 
' -4 


44-6107 


158*3680 


•7 


61-8895 


304-8060 


44*9248 


160-6064 


•8 


62-^036 


307-908*2 


46-2890 


162-8605 


•9 


62-5178 


31 1 -0-251* 








20 


62-8320 


314-1600 
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Difference between Greenwich Mean Time and 

Xiocal Time at the Principal Places throughout the World. 

The word " fast " after any place indicates that the local time 

is fast of Greenwich time, and the word " slow'* that it is slow 

of Greenwich time. 

Note. — Four minutes in time = i degree of lotijBfitude. In estimating 
the time of any place by comparison with Greenwich, add to G.M.T. for 
East and substract for West. 

ENGLAND AND WALES^ 

IX)NDON— M. S. 

Aldgate Church ..slow o 17 
Bank of England . .slow 
Battersea Church . . slow 
Berkeley Square . .slow 
Blackfriars Bridge . . slow 
British Museum . . slow 
Fulham Church . . slow 
Hampstead Church . . slow 
Highgate Church . . slow 
Horologi:?al Institute, slow 
KensinjJTton Palace ..slow 
Muswell Hill ..slow 

St. Paul's . . . . slow 
Streatham Church ..slow 
Westminster Abbey . . slow 



o 20 
o 42 

o 35 
o 24 

o 30 

o 50 

o 43 

35 

24 

45 
29 

23 



Abingdon 

Alnwick 

Andover . . 

Appleby . . 

Arundel . . 

Ashford, Kent . . 

Ashton-under-Lyne 

Aylesbury 

Banbury 

Bangor 

Barnstaple 

Bath 

Bedford 

Berwick-on-Tweed 

Beverley . . 

Bideford . . 

Birkenhead 

Birmingham 

Blackburn 

Bodmin . . 

Boston 

Bradford, Yorkshire 

Brecknock 

Brentford . . 

Bridgnorth 

Bridgwater 

Brighton .. 

Bristol 

Buckingham 

Burnley . , 

Barton-on-rTrent 



o 31 
o 30 
..slow 5 4 
. . slow 6 52 
. . slow 5 52 
. . slow 9 52 
. . slow 2 20 
. . fast 3 22 
. . slow 8 24 
. . slow 3 20 
..slow 5 12 
. . slow 16 32 
. . slow 16 20 
. . slow 9 28 
. . slow I 52 
. . slow 8 o 
..slow I 44 
. . slow 16 56 
'. .slow 12 4 
. . slow 7 36 
. . slow 9 52 
. . slow 19 o 
. . slow o 6 
. . slow 7 o 
. . slow 14 o 
. . slow I 20 
. .slow 9 40 

. .slow 12 O 

..slow o 30 

. .slow 10 22 

..slow 3 56 
. . slow 8 56 
..slow 6 28 



Bury (Lane.) 

Bury St. Edmunds 

Cambridge 

Canterbury 

LardifF 

Cardigan . . 

Carlisle 

Carmarthen 

Carnarvon 

Chatham . . 

Chelmsford 

Cheltenham 

Chester 

Chichester 

Chippenham 

Chnstchurch 

Cockermouth 

Colchester 

Coventry . . 

Darlington 

Deal 

Derby 

Devizes 

Devonport 

Dewsbury 

Dorchester 

Douglas, Isle of Man 

Dover 

Droitwich 

Dudley 

Durham . . 

Eastbourne 

Epsom 

Exeter 

Falmouth . . 

Faversliam 

Flint 

Folkestone 

Gateshead 

Gloucester 

Grantham 

Gravesend 

Grimsby . . 

Guernsey . . 

Guildford . . 

Halifax 

Harrogate 



. . slow 
. . fast 
. . fast 
. . fast 
. . slow 
. . slow 
. . slow 
. . slow 
. . slow 
. . fast 
. . fast 
. . slow 
. . slow 
. .slow 
. . slow 
. . slow 
. . slow 
. . fast 
. .slow 
. . slow 
. .fast 
. . slow 
. . slow 
. . slow 
. . slow 
. . slow 
. . slow 
. . fast 
. . slow 
. . slow 
. . slow 
. . fast 
. . slow 
. . slow 
. . slow 
. . fast 
. . slow 
. . fast 
. . slow 
. . slow 
. . slow 
. . fast 
. . slow 
. . slow 
. ..slow 
. . slow 
. . slow 



M s. 


9 4 


2 48 


23 


4 30 


13 


18 20 


II 44 


17 16 


17 


2 10 


2 


8 20 


II 36 


3 10 


8 20 


7 2 


13 32 


3 30 


6 


6 8 


5 30 


5 58 


756 


16 48 


6 28 


948 


17 46 


5 16 


8 42 


8 26 


6 20 


I 20 


I 4 


T4 12 


2038 


336 


12 31 


4 36 


6 24 


9 


2 40 


I 40 


16 


10 22 


2 10 


7 8 


6 8 



^^ 
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Hartlepool .. slow 

Harwich fast 

Hastin>(s fast 

Hereford slow 

Hertford slow 

Holyhead . . . . slow 

Horsham . . slow 

Huddersfield .. ..slow 

Hull . . . . slow 

Huntiiif(don .. ..slow 

Ilfracoiiil>e . . . . .«»low 

Ipswich . . . . . . fast 

Isle of Wight (Newport) .slow 
Jersey (St. Helier's) . . .slow 
Kencfal . . . . . . .slow 

Kew C)bservator>' . . slow 
Kidderinin.ster . . . . slow 

KinK^^ Lynn . . . . fast 

Lancaster . . . . slow 

Leaniin>(ton . . slow 

Leeds . . . . . . .slow 

Leicester . . . . . . slow 

Leoniin.ster . . slow 

Lewes . . . . . . fast 

Lichfield . . . . slow 

Lincoln . . . . . . .slow 

Liskeard . . . . slow 

Liverpool . . . . .slow 

Lla nelly . . . . . . .slow 

Louth , . . . — 

Macclesfield . . .slow 

Maidstone . . . . fast 

^lalvcrn (Oreat) ,. slow 

Manclu'ster . . slow 

^Iar>(ate (fast) . . . . fast 

:Mertliyr Tydfil . . . . slow 

Middleshrouj^h . . . . slow 

Monmouth . . slow 

Mt)nt>(onicry . . . . slow 

Morpeth slow 

Newcastle . . . , .slow 

Northampton . . . . slow 

Norwich fast 

Nottin>(ham . . . . slow 
Oakham . . . . slow 

Oldham . . . . slow 

Oxford slow 

Pembroke . . . . slow 

Pen/ance .. . . slow 

Peterborough . . . . slow 

Plymouth . . . . slow 

Poole slow 

Portsmouth . . . . slow 
Preston . . . . slow 

Ranisgate . . . . fast 

Reading . . . . slow 

Reigate . , , , slow 



BC. S. 

440 

5 8 
2 24 

II o 

20 

1836 

1 20 

7 10 
I 20 
o 44 

16 28 

4 40 

5 5 

8 28 

10 40 



I 

9 
I 

II 

6 

6 

4 
II 

o 

7 

2 



15 
o 

40 

5 
o 

4 

33 
o 

5 
10 

6 



17 50 

12 o 

16 40 

830 
2 10 
9 16 
852 

5 32 

13 30 
4 56 

TO 56 
12 40 

6 46 
6 

3 
5 
4 

2 



24 
32 
12 

30 

50 

830 

5 2 

19 40 

22 10 

o 56 

16 30 

7 50 

4 24 
10 50 

5 40 

3 55 
o 48 



Rochester 

Runcorn 

Salford . . 

Salisbury 

Scarborough 

Sheemess 

Sheffield 

Shields (North).. 

Shields (South).. 

Shoreham 

Shrewsbury 

Southampton 

Southport 

Stafford . . 

Staleybridge 

Stamford 

Stockport 

Stockton-on-Tees 

Stroud 

Sunderland 

Swansea . . 

Taunton . . 

Tavistock 

Teignmouth 

Tiverton 

Torquay . . 

Truro 

Tunbridge Wells 

Wakefield 

Walsall . . 

Wareham 

Warrington 

Warwick . . 

Wednesburv 

Wenlock (Much) 

Westbury 

Weston -super- M are 

Weymouth 

Whitby . . 

Whitehaven 

Wigan 

Winchester 

Windsor . . 

Wisbech . . 

Wolverhampton 

Wood.stock 

Worcester 

Worthing 

Yarmouth 

York 



1L& 

.. fast 2 
. . slow II 
. . slow 9 4 
.. slow 7 8 
. . slow 1 )S 
. . fast 2 S9 
. . slow 5 y 
.. slow 546 
. . slow 5 37 
. . slow I 8 
. . slow 10 56 
.. slow 536 

. . slow 12 

. . slow 8 30 
. . slow 8 15 
. . slow I 55 
. . slow 8 40 
. . slow 5 10 
. . slow 8 50 
. . slow 5 28 
. . slow 15 40 
. . slow 12 25 
. . slow 16 35 
. . slow 13 46 
. . slow 14 

. . slow 20 10 

. . slow 14 
. . fast I 4 
. . slow 5 50 
. . slow 7 55 
. . slow 8 25 
. . slow 10 20 
slow 6 15 
slow 8 10 



slow 10 10 
slow 9 3® 
slow II 54 
slow 9 45 
slow 2 24 
slow 14 24 
slow 10 50 
slow 5 20 
slow 2 25 
fast 045 
slow 825 
slow 5 52 
slow 8 52 
slow I 30 
fast 7 J 
slow 4 J° 



SCOTLAND 

Aberdeen 

Ayr 

Banff 

Dumbarton 

Dumfries 



slow 8 20 
slow 18 36 
slow 10 5 
slow 18 10 
slow 14 24 
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Dundee . . 

Edinburgh 

Hljipn 

Forfnr 

Glasgow .. 

Greenock 

Inverness 

Kilmarnock 

Kirkcaldy 

Kirkwall 

3>ith 

Montrose 

Paisley 

Perth 

Stirling 

Wick 



M. S. 

slow II 52 

slow 12 44 

slow 13 20 

slow II 20 

slow 17 20 

slow iq I 

slow 16 54 

slow 18 o 

slow 18 o 

slow IT 48 

slow 12 36 

slow 9 52 

slow 17 40 

vslow 13 40 

slow 75 46 

slow 12 26 



IRELAND. 

Note.- -Dublin time is kept throughout 
Ireland. 



Dublin 

Armagh 

Bandon 

Belfast 

Cork 

Downpatrick 

Drogheda 

Dundalk . . 

'Enniskillen 

Gal way . . 

Kilkenny 

I/imerick . . 

I/isburn . . 

Londonderry 

Queenstown 

Sligo 

Waterford 

Wexford . . 

Wicklow . . 

Youghal 



slow 25 22 
slow 26 36 
slow 34 48 
slow 23 46 
slow 33 56 

slow 22 52 

slow 25 20 
slow 25 30 
slow 30 40 

slow 36 12 

slow 29 O 
slow 34 30 
slow 24 8 
slow 29 20 
slow 33 o 
slow 3^ 52 
slow 28 30 
slow 25 56 
slow 24 8 
slow 31 24 



OTHER COUNTRIES. 

Special Time Standards are established for 
America, Germany, and Australasia. (.See 
article on " Time," page .16s.) 



Adelaide 

Alexandria 

Algiers . . 

Amsterdam 

Athens.. 

Auckland 



fast 
fast 
fast 
fast 
fast 



9 
I 

o 

o 

I 



fast II 39 



Barbados (Bridgtown) slow 3 59 

Berlin .. 

Bombay 

Boston, U.S.A. 

Brisbane 

Brussels 

Buenos Ayres 

Cairo .. 

Calais .. 



14 30 
58 20 
12 10 

19 33 
34 55 
4 
o 



fast o 53 35 

fast 4 51 36 

slow 4 42 o 
fast 10 II 40 

fast o 17 29 

slow 3 53 30 

fast 256 

fast o 7 28 



Calcutta 

Canton 

Cape Town . . 

Chicago 

Christiana 

Colombo 

Constantinople 

Copenhagen . . 

Geneva 

Gibraltar 

Hamburg 

Havre . . 

Jamaica (Kingston) 

Jeddo . . 

Jerusalem 

Lima . . 

Lisbon . . 

Madeira 

Madras 

Madrid 

Malta . . 

Melbourne 

Mexico 

Milan . . 

Montreal 

Moscow 

Munich 

Naples . . 

New York 

Palermo 

Paris . . 

Pekin . . 

Philadelphia . . 

Pietermaritzburg 

Quebec 

Rangoon 

Rio Janeiro . . 

Rome . . 

St. Helena 

St. John, N.B. 

St. John, Newfound 

land . . 
St. Petersburg 
San Francisco 
Santa Cruz 
Shanghai 
Stockholm 
Suez 
Sydney 
Teheran 
Tripoli 
Tunis . . 
Venice 
Vienna 
Warsaw 
Washington 
Wellington, N.Z. 



H, 

. fast 5 

. fast 7 

. fast I 

slow 5 

. fast o 

, fast 5 

. fast I 

. fast o 

, fast o 

. fast o 

fast o 

. fast o 

. slow 5 

. fast 9 

fast 2 

slow 5 

slow o 

slow I 

. fast 5 

. slow o 

, fast o 

. fast 9 

slow 6 

. fast o 

slow 4 

. fast 2 

fast o 

. fast o 

. slow 4 

. fast o 

. fast o 

. fast 7 

, slow 5 

. fast 2 

slow 4 

. fast 6 

. slow 2 

. fast o 

, slow o 

. slow 4 

m 

.slow 3 

. fast 2 

. slow 8 

. slow 4 

. fast 8 

. fast I 

. fast 2 

. fast 10 

. fast 3 

fast o 

, fast o 

fa.st o 

fast I 

, fast I 

. slow 5 

, fast II 



M. S. 


53 46 


32 56 


13 54 


5038 


52 54 


19 24 


56 


50 19 


2437 


21 22 


39 53 


26 


7 12 


19 


20 56 


8 10 


3635 


7 36 


20 57 


14 45 


58 


39 54 


36 


3646 


5430 


30 17 


46 26 


56 59 


56 


53 24 


9 21 


45 52 


40 





45 


25 10 


52 36 


49 54 


25 10 


24 24 


30 52 


I 13 


10 


1836 


5 20 


12 14 


10 


5 


25 32 


52 44 


40 44 


49 25 


5 31 


24 7 


8 II 


39 14 



436 



T4Ma MVim On OoiniBaioii wxn> rni Souv W>m m 
' VtsiWkL KU 13 Tiani, and tiu SoArt Wain, or Ixm ■ n ■**■ 
I U TVntt. TVa Tvrax Kranmii kiru to thm Vebticai. 



I in oiH k* MM tt«t th* anmbw ot «o*pe pinion teeth is thm ^b 
•IWv M ti«(ar* ivovvniott, but m • higher nmnbercd pinioo Bkjii 
4«Mn>L it ta mwll m know Uv.( u; vertical tnun baring 13 in m»ft 
W^mI <w<t • K<>t|<« piuioa of mty be twnvorted into > (oilalilB leni 
Imim tiy ittWtttnliiV • aaup* whsal of IS aiid ■ scape pinion of 7. Hi 
•Mk't ttill lvl>«i(»niut*hth*ongiual train by one 91th part of ita vbok 
MmKi. vhMk in uijf train not •■Moding 18000 will Deier unoant to 
M'v* ititn IM Al»\ nity tmn having 13 in scape wheel and acapa 
|Mni>in T, «%<«ltL l\V vuUti luting a aoape wheel ur 15 and scaiw ptnioa <jf 
IV Kaiv th* iw^nal tmin iaawawd by oue IMtli of ita wbulo xutuher. 
•An-ti m iMiM not M«««ilias ISOOOi.'onld twvarBzaoad l;3.j 



mm I % 

U»,\« (t « « lOMf \ .. 

•»4.vM * * * inao I ^. 
MW.*» * « \«K* \ ^.,, 
«4MM * « • 1«MP I jri I- 
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c of volume is taken. lu prM- 
e of MtrcuTy lie made for the expa"- 
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tains 22 parts uf K^ld and 2 parts of alloy. 
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French Equivalents. 



Acceleration^ acceleration 

4cieff steel 

Acier a pignons, pinion wire 

Adouci QnUCy wavy surfacing 

Adouci inal, frosting 

Adouci tnoire, wavy surfacing 

Adoucissage, greying, smootning 

Adoucissage en colitna^on^ frosting 

Adoucissage en taches^ spotting 

AiguilleSy hands 

Aiguille d£ cadran solaire, gnomon 

Atguillederaquette^ pointer of index 

Aiguille de secondes, seconds hand 

Atle de pignon^ pinion leaf 

Alidade, index 

Alesoir, round broach 

Ancre, pallet 

Ancre a chevilles, pin pallet escape- 
ment 

Ancre a levee visibles, pallets with 
visible stones 

Ancre a rateau, rack lever escape- 
ment 

Ancre lignedroiie, straight line lever 

Angle, angle 

Anneau, watch bow 

ArbrCy arbor, turning arbor 

Afbre, a vis, screw aroor 

Arbre excenlrique, eccentric arbor 

Arbre tournant, live spindle 

Archet, bow (stick and string 

Argent, silver 

ArC'bouiement, butting 

Arrelage, stop work 

Arreie, cutting edge 

Arrondiy addendum 

Axe, staff 

Axe de balancier, balance staff 

Balancier, balance (2) fly press 
Balancier compense, compensation 

balance 
Baleine, whalebone 
Banc, bed 

Barrette, bar, arm of wheel 
parrelte a nom, name bar 
^Barillel, barrel 
iarillet denie, going barrel 
~iarillet suspendu, hanging barrel 
^arillet tournant, going bdrrel 
Jascule, pivoted detent 
Ui, body 
ivure, burr 



Bee, nose, beak 

Belttre, watch bow 

Benzine, benzine 

Bigorne, stake with beak 

Btseau, chamfer, bevel 

Bleuir, bluing 

Bloc a polir, polishing stake 

Bocfil, saw frame 

Bois carre, peg wood 

Bois de fusain, peg wood, charcoal 

wood 
Boite, case 
Boite a double fond, double bottom 

case 
Boite a- glace plate, crystal case 
Boite double, pair case 
Boite a musique^ musical box 
Bonde, barrel arbor collet 
Boucher, to bush 
Bouchon, bouchon 
Boulon, bolt 

BorZn/Jre%^&ter dfrvO^^i^''^^ 

Braser, to braze 

Bride, collar 

Broche, runner 

Bron:;age, bronzing 

Brosse, brush 

Brucelles, tweezers 

Brucelles pour joyaux, corn tongs 

Brunissoir, burnisher 

Burin, graver 

Burin fixe, slide rest 

Butoir, stop 

Cabinet d'horlogeen marbre, marble 

clock case 
Cabron, buff 
Cadran, dial 
Cadran a centre rapporte, double 

sunk dial 
Cadran en trotteuse, seconds dial 
Cadran indicateur, set hands dial 
Cadran solaire, sun dial 
Cadre, frame 
Cage, frame 
Calendrier, calendar 
Calibre, caliper 
Calibre a coulisse, slide gauge 
Calibre aux carres, key pipe gauge 
Callotte, cap, dust cap 
Canon, pipe 
I Capillarite, capillarity 
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Carillon^ chimes 

Carre, square 

Cassant, Drittle 

Cendre de gravite, centre of gravity 

Centre derotation, centre of gyration 

Centred' oscillation, centre ofoscilla- 
tion 

Chaine, chain 

ChalumeaUy blowpipe 

Champ, rim of wheel 

Champignon, taper washer 

Chanfretn, chamfering tool 

Chapeau, cap, dust pipe 

Chapeau pour fusee, fusee piece 

Chariot, chariot 

Charnerons, knuckles 

Charni^re, joint 

Chaton, setting 

Chaussee, cannon pinion 

Chemin perdu, run (lever escape- 
ment) 

Cheville, pin 

Cheville ae dots carri, stick of peg- 
wood 

Cheville, d' impulsion impulse pin 

Cheville de plateau, ruby pin, im- 
pulse pin 

Chevillot, set hands arbor 

Chiffre d'huit, double ended calli- 
pers 

Chronographe, chronograph 

CA/'o//£>;w^/;r,chronometer,an exact 
timekeeper 

ChronomHre de marine, marine 
chronometer 

ChronomUre de poche, pocket chro- 
nometer 

Chute, drop 

Cimcfii, cement 

Cire, wax 

Cisailles, shears 

Claveite, key 

Clef, key 

Clefde spiral, balance spring guard 

Clepsydre, clepsydra 

Chquet, click 

Cloche, large bell 

Coche, notch 

Cceur, heart piece 

Colima(^onnage, snailing 

Collecteiir, gathering pallet 

Collet, collet 

Compas aux engrenages, depthing 
tool 

Compas de proportion, sector 

Compensateur, compensation curb 

Compensation auxiliaire, auxiliary 
V Compteur, dividing plate 
^ ^''ntre'Charnih'e,h^QX^x{y^^\xh. caae^ 
-poulely lock nut 



Controle, hall mark 

Conversion, conversion 

Copeaux, shavings 

Coq, cock 

Coq de ballancier, balance cock 

Coude, overcoil 

Coulisse, slide 

Coup, beat 

Coup de feu, scale 

Couronne, button 

Couvercle, cover 

Crampon, cramp 

Cran de fet meture, snap 

Crefnaillh-e, cremaillere 

Crueset, crucible 

Creuseure, hollow, sink 

Coqueret, endstone cap 

Corde a boyant, catgut 

Crin, horsehair 

Crique, crack 

Crochet, hook 

Crochet de chatne, chain hook 

Crochet de fusie, fusee cap 

Crochet de ressort, mainspring hook 

Crosier, to cross out 

Croix de Malte, Maltese cross, stop 

work 
Cuiyre, copper 

Cuivrot, ferrule (grooved wheel) 
Cuivrot a vis, screw ferrule 
Cuvette, dome 
Cycloide, cycloid 

Dard, guard pin, finger piece 

Degrenage en ferment la boite, shut- 
ting off (keyless work) 

Demi chronomHre, half chrono- 
meter 

Demi flatine, half plate 

Dent a talon, club tooth 

Detente, detent 

Detente, warning piece 

Detentillon, lifting piece 

Deux platines, full plate 

Diamantine, diamantine 

Dipleidoscope, dipleidoscope 

Distance des dentures, pitch 

Doi0, finger piece 

Doi^t d'arretage, star finger 

Doigt de levSe, cam 

Dorage, gilding 

Double-filet, double-bead 

Dragenoir de barillet, barrel groovl 



\ 



Ebarber, to trim up 

Ebauche, a piece stamped or oth« 

wise roughed out 
EbiseCer^ to chamfer 
Ebiscloir> OciassQS&'rca%\.wi\ 
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J^biseUnr creux, hollow chamfering 

tool 
jEchappementj escapement 

h ancre, anchor 
escapement, lever 
escapement 
a coup perdu, single 

beat escapement 
a cylindre, cylinder 

escapement 
a demi repos, half 

dead escapement 
a detenley chrono- 
meter escapement 
a double rouleau, 
double roller es- 
capement 
a friction, factional 

escapement 
a gravile, gravity 

escapement 
a goupilles, two pin 

escapement 
h recul, recoil escape- 
ment 
a repos, dead beat 

escapement 
avec roue h goupilles, 
pin wheel escape- 
ment 
a verge, verge escape- 
ment 
Denis on, double 
three-legged gra- 
vity escapement 
duplex, duplex es- 
capement 
libre, detached es- 
capement 
resuienty resilient 
escapement 
Echoppe, cutter 
Ecorce, shell 
Ecrou, nut 

Ecrou h oreille, thumb screw or nut 
Ecrouissage, cold hammering 
Email, enamel 
Emeri, emery 
Emousser, to blunt 
Empierrage, jewelling 
^w//Vrr^jewelled 
Encliquelage, click- work 
Enclume, stalk 
Entaille, notch 
Entretien, maintaining power 
Epicycloide, epicycloid 
Equation, equation of time 
Equerre, square 
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Equilibre, swing tool 

Erreur de temperature moyenne, 
middle temperature error 

Estrapade, mainspring winder 

Etabti, bench 

Eiain, tin 

Etainer, to tin 

Etau, vice 

Etau a main, hand vice 

Etau a queue, pin vice 

Etirer, to draw 

Etoile, star wheel 

Etrier pour pendule mercuriel, stir- 
rup (pendulum) 

Etuve, oven 

Exentrique pour equation, kidney 
piece 

Fer, iron 

Fer h souder, soldering irju 

Filet de vis, screw threads 

Fili^re, wire gauge 

Filitre a coussinels, stocks and dies 

Fili^re a pivots, pivot gauge 

Fili^re a tirer, draw plate 

Filihre aux vis, screw plate 

Filidre pour cylindres, cylinder 
gauge 

Fondre, to melt 

Force centrifuge, centrifugal ten- 
dency 

Force constant, remontoire 

Fore, drilled 

Foret, drilled 

Foreage, hammer hardening 

Former, to shape 

Fouet, flirt 

Fourchette de pendule, crutch 

Fractions decimates, decimal frac- 
tions 

Fraise, cutter, milling cutter 

Fraise a crochet, fly cutter 

Fraise aux noyuws, sinking tool 

Fraise aux noyures de vis, screw- 
head sinking tool 

Fraise conteau, fly cutter 

Fraise Ingold, Infold fraise 

Fraise-lime, milling cutter, filing 
machine 

Fraiseuse, milling machine, shaping 
machine 

Fraiseuse coutourneuse, contouring 
machine, shaping machine 

Friction, friction 

Frottetnent, friction 

Fusie, fusee 

Fusee h carreperci, hollow fusee 

Fusie d' entretien, going fusee 



< 
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Fuih ft harilUl IranspoUSt rerened 
ixiytk'^ Ur(l-h«fi4«4 fusee 

(iuHthir, \Jt 'li*>tr>rt 

(fff'^urf, flaw I 

diaiiht', i<-4f f;ox • 

(iummt iinjNf, bhclljic 

a imp ill t\ \t\\\ 

(ioupillf ae rtnvenedment^ t>ankiag 

pill 
(iim)nUfs ill' riwiiflle, curb \>in^ 
I tin III a il'ui'fit', Parleys 
tj I'll III III at 1 1\ dividing plate 
(tiaiiil pitiliiif, pillar plate 
(tl'iippt', rairk hook 
(JiiUlt'hri)iiii', tkTalch bruKh 
liralloii'^ biTaj)er 
(iravitt\ gravity 
linjji't 'log, c'laiup 
(ti'JJit'^ til' Hfi'iagi't <log«, clamps 
liUiihi'tt <U*iiii Jiuiiter, cut hunter 
(iiiiilt'n ivi loiiliiiix, cycloidial cheeks i 
(iiiilliuhist eiigiiie-turiiiiig '\ 

ll^nii\ hour 

llvHiT siili'iale^ sidereal time 
ili'iiii' solaiic, solar time 
//or It Hit', rlock 

//oiittgf a laiillDii, chiming clock 
//orltigt' a iiiaifi', tidal clock 
//or/nj^t'h 3 iviHijfes, three part clock 
//oilo^t' a ijiituls, (|iittrter clock 
//oi/iiiit'h J limhirs, ting-tang clock 
//tu /ii,i;t' tit' i lot lii'i\ turret clock 
lliu liiiit' lit' i'lnhiit', carriage clock 
//inh>m' iyinili>nalt\ ecjuatorial 

ilm'U 
/lt>i/(t,i^t' t'lt'tlm/itt; tU'ctric clock 
llor/iiiit' pHi'umatii)Ht\ pneumatic 

rluik 
//uilt\ oil 
//uHti\ oil sink 

//itil-ilii[}it\ tltml)le-en«led callipers 
/lypoiYiioiilt't hypocydoid 

/iiipni.sioii, impulse 

/ihlinili'iii lit' haul el btu, up and 

down indicator 
/iiviiit\ inertia 
/iivoluft\ involute 
JsiH hioiit\ isochronous 
holiilt'iii, gut-band hook 

Jet4, einl shake 
JoHi\ play, freedom 
jHmdU\ gut-banil hook 

'«»/*, brass 

blade, saw blade 
if botjii^ frame aayr 



luamtpf a ey»n'. spiri: ^n^ 
JLoMteme. laxnen: 
/.M^daitr, lap 
Lique, lacqner 
Lemiil-le, pendtiliixn bob 
Leit€ d€ ttupicx, dirpiex book 
Lrvfe du baUinricr, tialance arr 
/-«wr frntrami, caiterini: paller 
l^evff ioriamU, eiit paQel 
I^rt'irr^ le\-er, flj spring 
Levier a equerry, beD cTank krer 
I^evLcr a fnscc, adjnstLn^ rod 
f^'tf, lip 

Lipu dts cemtrcs. line of cennes 
Lt^n^ d'emgrenugc piu± Irnc 
Ltnui^on, snail 

Lima\<m des quarts, qnarifr smdl 
LimailU, filings 
lAme^ file 

Lime a bordmm taiJir. saf«>-edge£k 
Lime a carrc/ottTy potence file 
Littu a emm, emerj- stick 
Limea/endre, slitting file 
Lime apilier^ pillar tile 
Lime a pivots^ pivot file 
Lime a sabot, bulFs-foot file 
Lime h 3 coins, three-cornered file 
Lime barrette, ridged-back file 
Lime en diamant, diamond file 
Lime queue de rat, rat-tail file 
Lime t res fine, dead smooth file 
/A man de pier re noire, coomb 
/^oupe, eye-glass 

/Aincile, bezel, cone plate for lathes 
Lunelle meridienne, transit instru- 
ment 

Machine a arrondir, rounding-up 
tool 

Machine a fendre, wheel cutting 
engine 

Machine a laillei, wheel cutting 
engine 

Magnetisme, magnetism 

Manchon, collar 

Mandrin, pin tongs (2) chuck 

Mandrin a vis, bell chuck with 
screws 

Mandrin a serrage conceniiique, self- 
centring chuck 

Manivelk, cranked handle 

Manquemenl, tripping 

Marteau, hammer 

Mar lei age, forging 

Marline!, sledge hammer 

Masse, mass 

M(\.U ia\aA.t^d 
Matrices ^\^ 
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de fotet, blade of drill 
'6, mercury 

' h piston, pump cylinder 
e aux pi^nons, pinion gauge 
mill, grindstone 
chargee de diamante diamond 
11 

lime, filing mill 
nltrey micrometer 
?, minute 
^rie, motion work 
de sureau, pith 
circulaire, circular surfacing 
f, mill, milling tool, knurling 

3l 

f, watch 

eh gmndsonnerie, clock watch 

e h ripititiony repeater 

e h secousseSy pedometer watch 

e non magnitisabley non- 

agnetizable watch 

e pour les avengles, blind 

an's w^atch 

e svonette, hunting watch 

;;r, groove 

'menty movement 

'ineni Lipin.\ Lepine move- 

ent 

lose, beak 

, to cut out a sink 

'e de fusee y fusee sink 

)ld 

Cy wing 

e du coQy wing of cock 

tool 

a equilihrery poising tool 
a tnestirery gauge 
a planiery uprighting tool 
h taillery lesfuseeSy fusee engine 
aux douziemeSy douzieme 
auxietesdeviSy screw-head tool 
i>ouf hauteur depignonsy pinion 
?ht tool 

pour hauteur de cylindres, 
iider height tool 

te de reculy pad 

facet 

?, pane (of hammer) 

hutey parachute 

e viSy pitch of screw 

ge de fourchettey crescent, 

assing hollow 

ge de renvet sementy overbank- 

ckargie de rouge, rouge leather 



Peau de chamoiSy chamois leather 

P^dalCy treadle 

PidomHrey pedometer 

Pendanty pendant 

Pendant tournanty turning pendant 

Pendule, pendulum, pendulum 

clock 
Pendule a torsiony torsion pendulum 
Pendule aux guichetSy chronoscope 
Pendule conipensSy compensated 

pendulum 
Pendule conique, conical pendulum 
Pendule (ou montre) de contrdle, 

tell-tale clock 
Pendule de navirey ship's timepiece 
Pendule sans sonneriey timepiece 
Per^agey drilling 
Perce-droity table tool 
Perceusey drilling machine 
Perchey bar of turns or lathe 
Phe spiraly balance spring gauge 
Piice aux auartSy quarter rack 
Piedy steady pin 

Pied de minutey minute wheel stud 
Pied de cadrauy dial foot 
Pierre h contrepivoty endstone 
Pierre h eaUy bluestone 
Pierre h imeriy emery file 
Pierre h huiUy oilstone 
Pierre h huilepiliey oilstone dust 
Pierre de leviey pallet stone 
Pirre de touchy touch stone 
Pierre poucey pumice stone 
Pierres prScieuseSy precious stones 
PignoHy pinion 

Pi^non h lanteme^ lantern pinion 
Ptgnon d' ichappementy escape wheel 
Pignon de renvoiy minute wheel 

pinion 
Pignon de volant y fly pinion 
Pignon ivrogney sliainj3[ pinion 
Pignon perciy hollow pinion 
Ptliery pillar 

Pince h boucUy sliding tongs 
Pince h coupery nippers 
Pince h percer les ressortSy main- 
spring punch 
Pince h ressorty spring chuck 
Pince a titery wire drawing tongs 
Pince de tour aux viSy tongs for 

screw-head tool 
Pince fendrCy split chuck 
Pince-plattCy pliers 
PinceSy clams, pliers 
PitoUy stud 
Pivoty pivot 

Pivot coniquCy conical pivot 
Pivot de secondeSy seconds pivot 
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Plantr. to planitdi 
Plunta^i. upri^rUling: 
J-'lafiteu:st, u^rijrlitinj^ tool 
/-'laicau a f^T^Jt^. fact jjlate for dogs 
Plateau a toe. carriw plate 
Plattau siniplt. tablt rolla- 
J'latUrrmt Orr^antt, rocking bar. 

J'laiiurpnt divisi^f. divi^iin;ir plate 

plaiim. i>lale 

/'ratio at i.'^Uict. jrlaHs plates 

Plomh. k-ad 

Pouh. v;vv^\\\ 

JUniKOH. jjunch 

J '(nil {OH a (hifirci^, chapters 

/'(ttfi{oti a (oudi. knee puncli 

J'ointjm ircux, hollow punch 

Poifinmcust, i><jwer yr^^^ 

J*nli\ say.f\ J *ol ihh i u ;; 

PontfM a (ntirer. pump centre 

I'tmt. ^>rjfl;;e. CfX'lc 

I'durttr. KhouMer 

Pnrtf jarrt. drill Ktock 

i't/tarKt. jy;taiJ<'e 

/*oi/lir. pu]J<-y 

Poupf'f. j><j];j[>et, head, hack centre 

J*{nm,t froyptilf. joint pusher 

P<m^^ itt< . pu>)h'piece 

/'mnihc roue, ^reat wheel 

Ounu d'aiyj(\ dovetail 

OufUf (tc inartcau, hammer tail 

Udinuti . rt'cess, '^lit 

/\ti(/ui tft . jijd<x, rcj^ulalor 

/\ (I ft till, rack 

h'tittitu (t'hrurrs. liour rack 

/'f A^//A uHfit, l/auking 

/\ifn,nf, «d;M'. )»order 

J\i(uit. anju-alin;;; 

A'i'fdyt , linjiij;^ 

/t'/;' //A/ //■// ;', r(';(U 1 a tor 

J\t HHffit<fir, kcvh'ss winding work 

/«'/ itumtoiiau p('ttdaut,s\%!\\\ winding 

/w7/vvy/, i<lh- wheel, interniediale 

w1m-<'1 
J\riii'(n\, < oiintcrshafl, inlcrniediate 

hj^indlt* 
h'i'fmwuyr, cxaniinin)^, finishing 
/yrfun, l<><kili;< 
I\(\i\taitn' au dt^yayctnnit^ iinlock- 

/iV.vw/' ihiiitss(*t canon pinion 

h't'ssort d't'HiH(jiu'taiH\ click spring 
/^tssort di' JiTimtu.v^ locking Itpring 



Ressort de stt^emsiom, pesdnba 

Ressort decrochestumemL all umullu | 

piecse 
Ressort dor. ^old cpiris^ 
Ressort tnoieur. mainwprhi|[ 
Ressort spiral, 'balance ^zruig 
Ressort ae carrrue. case «firiiigi 
RessorLs secrets, fiecrd springs 
Retour d'eguerre, Ijracket 
Rin'eil. alarum 
Ret'Cftir, to uemper 
Rei^enoir. bluing pan 
Rei*enu. temperea 
RhatnUa^c. repairing 
Rivior. riveting punch 
Rochet^ ratchet 

Rochet des heures, repeating »ck 
Rofyitire. scrap, sha-vixigs 
Roue, wheel 

Roue a jEj^ou^Hes, pin idieel 
Roue croisee^ crosjsed-oot idieel 
Roue de centre, centre vheel 
Roue de champs fourth vheel 
Roue de compte, locking plate 
Roue d^ echappetnent, escape wiied 
Rcme d^heures, honr wheel 
koue de renvoi, minute wheel in- 

termc^ate wheel 
Roue de rencontre^ crown wheel 
Roue de tolo. warning wheel 
Roue petite tnoyenne, third wheel 
Roues conigues, d'^egale gtandeuf^ 

mitre wheels 
A'f?ttr;^r, train 

Rouage a gauche, left-handed move- 
ment 
Rouge, red stuff 
Rouille, rust 
Rouleau, roller barrel 
Rouleau de carillon, chiming barrel 
Roukau de duplex, duplex roller 
Rude, coarse 

Sans clej, keyless 

Sautoir, jumper 

Scie, saw 

Scie en diamani, skive 

Seconde, second 

Secunde au centre, centre seconds 

Seconde Independante, independent 

seconds 
Secondes Rapporties, sunk seconds 
Secondes rattrappanies, split seconds 
Secteur, sector 
Seremontant de sol tneme, self 

winding 
Sertissage, jewel setting 
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Sillon defusie^ fusee hollow 

Sommaire d'essai^ trial number 

Sonnerie^ striking work 

SoudagCt soldering 

Saudure, solder 

Spirale a courbe Phillips, Phillips, 

spring 
Sfnrale coudi, overcoil spring 
Spirale sans raquetie, free spring 
Spirales sous le balancier, sprung 

under 
Spirale stir le balanciery sprung over 
Spire, coil 

Support de mouvement, seat board 
Supportpour pignons {ouiil), gallows 

tool 
Suprise, surprise piece 
Suspension ae chronomUrt, gymbals 

Tambour, drum 

Tampon de cylindre, cylinder plug 

Taquet, earner 

Taraud, screw tap 

Taraudese, screw tapping machine 

Tas, anvil 

Tasseau, chuck 

Tasseau centrant de soi-meme, self- 
centring chuck 

Tasseau ^ratse a trou, rose cutter 

Temps, time 

Temps moyen, mean time 

Temps perdu, backlash 

Tenaille pour ressori de suspension, 
chops 

Tenon ae minuterie, minute wheel 
stud 

Terre Pourrie, Tripoli 

Tite de raqueite, curb pin arm of 
index 

Tetine, nipple, the cone formed at 
the bottom of a hole in drilling 

Tige, staff, rod 



Ti^e de remontoir, winding stem 

Tt^e d*ancre, pallet staff 

Tige de carre, set hands arbor 

Timbre, gong, bell 

Tirage, draw 

Tirage de "ipStition, repeating slide 

Toe, carrier 

Tour, lathe, turns 

Tour a fileter, screw-cutting lathe 

Tour a gomtnex^ wax lathe 

Tour a renvoi a corde, throw 

Tourjacot, Jacot tool 

Tour universel, mandril 

Tourbillon, toUrbillon 

Toume-v treble, balance spring collet 
tool 

Tourne vis, screw-driver 

Tranchant, cutting edge 

Trempe, hardened 

Tremper, to harden 

Trois quarts de platine, three- 
quarter plate 

Trou, hole 

Trou en pier re, jewel hole 

Velocite, velocity 

Verge, verge 

Verges de connection, leading off rods 

Verges de m^arteaux, hammer rods 

Vernier, vernier 

Vern iera coulisse, vern ier slide gauge 

Verre, glass 

Verre ae montre ordinaire, lunette 

Virgule, virgule 

Virole, ferrule (metal ring) 

Virole de spiral, balance spring 

collet 
Vis, screw 
Vis reglante, timing screw, rating 

nut 
Volant, fly 

Wig'Wag, wag-wag 
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Oerman Bquxrwlentm, 



Attffttt, ilrop 

AftiilriihU'tni^e, «rljii*ting rwl 

Ahuwiunt', tt'l'leii^liim 

Ah%trllhr'>r/, all-or-nothifiK pieci: 

Amha\%, M«kc 

Afikrf, iirtllct 

Afihrr^aftK mil Nf(hm and Trieb, 

rwrk Irvrr rwiij;<-iiieiit 
AtiknhntttfiHtiK, 1i-vit efCHpetnrnt, 

Mfirlior cwapciiictit 
Anknfullrtr (t*cmieluhru pa^l 
Ankrru'HIr, tmllct ^taff 
Afifa\%h/nh, iiluitiK !'«• 
AfihtwfH, IrtiiprriM^ 
Anlnt/paflrh% wartihiK pif<'e 
Anhiuftad, wurtiitiK wheel 
Afilnufwippr, flirl 
Aulnrh, ittiptiNe 
/hi.^ifhutin, i!r«w 
Aufhiitiffuu^sjciicr, peiirlulum 

ftpHtiK 
Aufsiit*, rlitick 

Aufrslni inrincm EingriffeM\W\\\% 
All I Hint Ah.lVrrk, up mid down 

wofk 
Aii/r.irhzit/f/i'th windiiiK »qimrc 
Aiiskthhfirfirl, tioilinK out jmii 
Aii^lihuttfihchrU liftiuK piece 
/ lii\lihiin\jin'i(tn\ttui(h uulockinj< 

AtnSf/in'Hiii', ovfrtmnkinjLf 
Ait\\>/in'iiH}:s/i//, IjaiikiiiK pi» 
(v»iK<' "f cyliii'ler; 

/A// kniffrr/isfti/i/, inainlril 

/infanu'it'daiir, poininj^ tciol 

firiwiiitnif, nip])C'rH 

/IrtrJn, i»rn/.iiic« 

hrivryjithr rial form, rockinj^ Imr 

yoUi* 
lihtsn^hr, blowpipe 
/Ifitmifi/nwrn, \A\\\\\^ 
lilri, 1«M.I 
/lii/nrn, «liillinK 
/iohn'i, < I rill 
flt([iin('f/('ifrt, overcoil 
/lihirfitn/r.ujii, hIciii windinj^ 
/{'ihsir, IhiihIi 

( (tlihi'i, rnliper 

Cnitt ii\pHr.(\ ])Uiiip centre 

( 'hroNouicIrr, cliroiionieter 

( liiviiomctvihcninnnijj^, chroiio- 

ineler eMCMi)einetit 
' ^nipCNsadousooj^rn, cc)ni])en.sation 

curb 



CompemsaiumxfgkUr, nrfffifffr texsr 
peratore error 

pen/ialam 
CompetuatwmsmMrmki, compeiBh 

tioti balaocK; 
Con%tanU KrafL rernotrtotre 
Conlrei^eiptrre, tnaiirraiBmijf power 
. CretnaiiUrt. crcmaillerc 
C^cloide^ cycloid 

CyfU>idu%rh£ Bick^Jir cydiwfel 
cheeks 
. Cyiinire. cylinder 
I Lylindrtkfmmumfir^ cjUndtr es- 
capement 
CylinaerhiyktnrmaaSr crlindcr Incig&t 

t^iol 
(yiindermaa^ cylinder gauge 
. CylinJerpfrapfen, cylinacr piiqp 



Pecim ilbruche, decimal 

Deckstein, end stone 

DiamanifeiUn^ diamond file 

niamaniin, diamantine 

IHamantscheibez um SUinsckmadeB, 
skive 

/)iamantschl€i/scheibe,^2un€md mfll 

Dipleidouof^ dipleidoscope 

Doppelrana iGehdtiseu double-bead 

/)rahimaas%, wire gauge 

Prehbank, lathe 

/>^/'M ';ff«/& ///// A'zr>8r5rA^/^, wax lathe 

Drehharer IJugelknopf, turniiig 
pendant 

Drehho^en, lx)w (stick and string; 

Prehsttft, turning arbor 

Prehstuhl^ turns 

Preiviertelplatle, three-quarterplate 

Prnckknopf^ push-piece 

Puplexhaketiy duplex hook 

Puplexhemmung, duplex escape- 
ment 

Puplexrolle, duplex roller 

Ehbe und Flnih-uhr, tidal clock 
Edehteine^ precious stone 
lUnfallschnalle^ rack hook 
/un,i(nflslinie, pitch line 
Einfrriffszifkel^ depthing tool 
liinsatzbohrer, drill stock 
Einseitifrunterstiitztes Federhaus, 

hanging barrel 
Einsf>rengen, snap 
EibUchsche, ice box 
Eisen, iron 
Elektrhche Uhren^ electric clocks 
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Endluft, endshake 

Ersie Rod, great wheel 

Erweichung dutch Hitze, annealing 

ExcentcTt snail 

Excentrische Scheibe (Equation- 

suhren), kidney piece 
Excentrischer DrehstifU eccentric 

arbor 
Excentrischer Zierschliff, snailing 

Eederbacken (Pendel), chops 
Eederhaken, barrel hook, main- 
spring hook 
EederhauSt barrel 
Eederhausdeckel, barrel cover 
Eederhausdrehung^ barrel hollow 
Eederlochzange {Zugfeder), main- 
spring punch 
^cderstip, barrel arbor 
Eedertmndert mainspring winder 
Eederzirkelj spring callipers 
Eeilemitfeinstem Hieb, dead smooth 

file 
Peile ohne Seitenhieb, safe-edged file 
Eeilkhben, hand vice 
^^tterh'drtung, hardening 
^schbein, whalebone 
^f^^he Spiral/omty involute 
^ctchzange, pliers 
^iedermarky pith 
^iehkrafty centrifugal tendency 
-^^os^, cutter, milling cutter 
'^^eie Hemtnungj detached escape- 
-^ ment 
*^utter^ bouchon 

^a«^, escapement 
^^ngbesch&unigungj acceleration 
^angfederdes Chronometers^ detent 
^^ngkloben, potence 
^dngnummerf trial number 
^angrady escape wheel 
^angrad einer Spindeluhr^ crown 

wheel 
Oangradstrieb, escape pinion 
OesUll, frame 
GehdusCy watch case 
Geh'dusefedern^ case springs 
Gehduseknopfj pendant 
Gehduse tnit doppeltem Boden^ 

double bottom watch case 
Gehduserandy ntiddle (watch case) 
Geradbohrfnaschine^ table tool 
Geradlinige Anker, straight line 

lever 
Geschivindigkeit, velocity 
Gestalten, to shape 
Qetheilte Secundef spJit seconds 



Gewerk-einpassen, boxing in 
Gewohnlicne Uhrglasjorm, lunette 
Gezahntes Federhaus, going barrel 
Gibs, I)laster of Paris 
Gtasreifj bezel 
Gldttanle, round broach 
Gleichgrosse Rdder mit konischer 

Zahnfonn, mitre wheels 
Glocke, bell 
Glockenspiel, chimes 
Glokenzughehel, bell-crank lever 
Gold, gold 

Goldfeder, gold spring 
Guichetuhr, chronoscope 
Guilloche, engine-turning 

Haarrohrchenkraft, capillarity 
Halbchronoffieter, half chronometer 
Halbmond, crescent passing hollow 
Halbplattenwerk, half plate 
Halbsavonette, demi-nunter, cut 

hunter 
Hammer, hammer 
Hammerhebel, hammer tail 
Hammerleitung [bei Thumiuhren), 

hammer rods 
Handschivungrad mit Schnur{Dreh' 

stuhl), throw. 
Hebescheibe, cam 
Hebestein {Anker), pallet stone 
Hebestein, ruby pin, impulse pin 
Hebestiftrad, pin wheel 
Hebungsfldchen {Cylinder), lips 
Hemmung, escapement 
Hemmung mit unvolkommener 

Ruhe, half dead escapement 
Hemmung von Denison, double 

three-legged gravity escape- 
ment 
Hemmung von Savage, two-pin 

escapement 
Herz, heart piece 
Hin und her, wig wag 
Hohlfrdse, rose cutter 
Hohltrieb, hollow pinion 

Itnpulshebel {Anker), impulse pin 
Indicationszifferblatt, set hands dial 
Ingoldfrdse, Infold fraise 
Isolattonshebel, isolator 

Jacot Rollirstuhl, Jacot tool 
Jagduhr, hunting watch 

Kalenderuhr, calendar clock 
Kapsel, cap 
Kette, chain 
Ketienhaken. cliaitL book 
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■.. :.. ■/. " .-.7. pufsnitic 

.. ■•.■■-^/.:. : Jill inns: so^ 

v.-.-. 'iiiikiizi^ pl22^ iever! 
■■■■'.;..■. ■.■"i'-Lj:_ siout 

,". .: T »;* r; juccksilhcrpendd), stirrup 
Tienduiuni 

/j.rii :rru. riming 
/. . «.;ir;. r/V; Positioucn, timing in 
. : Ti'>sition> 

/. .ritii7\ichrauhr .Pctidelu rating nut 
■■..'■ /.-;•>// ;/^. frier ion 
:■.>.-. -i..-. A \.\^iim. carriajje clock 

/. .''ii viiinf'ii/i7\ self-winding watch 
•. V. -. 1.1. .'. rrr:: "n vhcn. repeating rack 

••>:.:*•>-? /.r''::r-iihi. repeater 

i:::-.: f\:''.'::rton.\schiebcry repeating slide 

/. •/;■ ]»ii^t 
''...<.. K^rrule 
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■ • ■ ■ . . ■ I • • 1 ! '. •/>»'; i'.', »v ui •^' '■- • /..'.».. ru si 

^'-'"'tu-np.'-. \\\\\w: 'vj.-. Noia:iov.s.&c/iwr?-/>««A/. centre of 



■ 




■ ■ 


* * 




• - 


■ - 


.» . . 


. . ; ■ ■ 


. 


.".'." 








.» .. 


■ ■ ■ 


.■; 


N_ ; 


• ■ 


. •' 


^ 


.»■'. 




;'.•'.:: 


[L'.'V. 


-* . 1 


■ • 


•\» ^ 


.» . 


-.: ..'i 


. '.•■.. 


1 , 


.. 


• ■ ' 1 

■ k k ' 


," • 


.•/; 


■ ■ • ' ' r 


1, 








•■* 1 * 


-•/■ 


•/'*• '. . 


/. //. 


111 


.nir. 


1 . 1 


1 ■ •* 

1 ■ > « » 



451. 



iff 

Velle {Drehhank)^ live 

X, regulator 
:urb pins 

Hetnmungj recoil 
ent 



fe 



dead-beat 



emmung, 
ent 

at-tail file 
ierschliffy spotting 



Hdrucker^ joint pusher 
nle, knuckles 
i^^r, bearer (watch case) 
crossed-out wheel 
% clams 

f^, sliding tongs 
hip's timepiece 

nit drei Federhausertiy 

rt clock 

striking work 

jlass plates 

?, lap, mill 

htung am DrehstuhlCy 

ol 

, locking spring 

ariot 

be, locking plate 

nder, key 

aube, dog-screy^ 

mery 

ICy emery file 

/, emery wheel 

;ee 

'/ versenkteni Aufzieh- 

lollow fusee 

i Federhaus uingekhert 

reversed fusee, left- 

usee 

\drehiing, fusee sink 

neidemaschinej fusee 

'>fenun(erdrehun^,iMs^e. 

r, screw tap 
screw plate 
hering pallet 
nifer 
•ew 

t>ffeil€, slitting file 
7; maschifie, screw- 
1 

'/f, screw ferrule 
'her, screw-driver 
, vice 



Schrittz'dhler, pedometer 

Schuhlehre^ slide gauge 

SchwalbenschwanZy dovetail 

Schwerkraft, gravity 

Schzverkrafthemmungy gravity es- 
capement 

Schwingungsmittelpunkty centre of 
oscillation 

Secu?idey second 

Secunde atis derMitte.cQntr^ seconds 

Secundnerady fourth wheel 

SecundnezapfeUy seconds pivot 

SecundnezetgeTy seconds hand 

SeechronotneteTy marine chrono- 
meter 

Silbstaufziehendy self-winding* 

Selbstschlageuhry clock watch 

Senkerjeiky bull's foot file 

Senkung Jur Stunde und Secunde 
{Z{fferblaUe)y double sunk dial 

Senkung im Zifferblatte fur die Se- 
cundey sunk seconds 

Separate Sicherheitsrolle {Anker), 
double roller escapement 

Sicker heitsspitzey guard pin 

Sonnenuhry sun-dial 

Sonnenzeity solar time 

Sperrkegely click 

Sperrady ratchet 

Spielwerky musical box 

Spindely verge 

Spindelhenunungy verge escapement 

Spirale mit theoretiscken Endcurveny 
Phillips' spring 

Spiralfedery balance spring 

Spiralfeder ohne Riickery free spring 

Spiralfeder Uber die Unruhe placirty 
sprung over 

Spiralfeder unterder Unruke,sprvLng 
under 

SpiralschlUssely balance springguard 

SpirituslampCy spirit lamp 

Spitzen {Drehstuhl)y runners 

Springende SecundCy independent 
seconds 

Springfedery fly spring 

StanSihry clock 

StaubhulsCy dust cap 

StaubhutcheHy dust pipe 

Steinarbeity jewelled. 

Steinlochy jewel hole 

Stellstifty steady pin 

Stellungy stop work 

Stel lungs haken {Schnecke),fusee cap 

Stellungszahny star finger 

Stempely hall mark 

Stemy star wheel 

Sterfikej^el [Scklasukren), jumper 

Sternzeit^ sidereal time 
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Stkhfi, Kraver 

StUikloh^H, pill vice 

Stijl pill 

Stijt fluff SoHiifHiihr, ^womon 

StiJtfHUHkrffiati);;, pin pullet encapc- 

iiiritt 
StiftfH)HiHi(, pill wheel eMCHpeinent 
Stijtfuwtthf, rhiiiiiiiK i>arrel 
Stiffoiutu^ft pill toiiK** 
SfHfuff, iHMir 
StHHttmrtht, lunir wheel 
StHmtfHtYihfH^ hour ruck 
Supf^oH, uliile rent 

7)i/$'/io//t' (Ankfrfu'mmuHj*), tiible 
roMer 

TtimfHmpHHSfn, knee punch 

'/li4< ht'mhiVHomt'tff\ pocket chro- 
nometer 

TiUihfituhr, wulch 

TfifMopischf iiUhfHmaas^ pump cy- 
linder 

Thfihihfihf, (UviiUiiK nlate 

TMt4nHMMf', turret clock 

7h</f' //V'ji* (A*.v Ankers Htuh tfein Im- 
Pm/s(\ run (lever encupement) 

'i\mffi1fi\ «t»nu 

'iWsiouspfthtff, torMiou, pendulum 

'J\mfhiihm, tourhillim 

Tiiijihfif, inertia 

'/>iiw.w/ /fishismfn/, tniiiHil innlru- 
iiitnt 

'/>7*A pinion 

Trifhfhiltfi [ //Vv/*vwi;),KallowH tool 

nit'hholh'Hithins, ]>inion-hfij<ht tool 

Tiiihiihuis, ]>ini<»n k"^»K^* 

Tiifhstn/il, pinit»n wire 

hifhixihu, Jiinion leu!' 

rnpf^i'l, tiinoli 

'hummfl, \\\\\\\ 

tUu, linu'kft'ptM' 

( Unhiii^fi, waloh l»ow 

(Un niit Jhhhfni (,hiS(\ crystal cape 

(Uii niit (iloik'nisf*ifK ohiininf(clock 

(Uiinrtk, Nvaloh int»vi*nuMil 

(Uii iit'tk t'i Ill's .Ict/iiiiforiNmSt eijuu- 

l(»rial clock 
t hihuhtitiniji^ conversion 
( hi i I'l'i sala ii) hiiii liitn^i (S</iiffsiOffh 

/>(/A.v), ^ynihals 
fhn!'t'iS(i//ii//f'f\ selfccntrinf^ chuck 
thiifhi}iiit'ti\ifhiur Uht\ non-maj;fne- 

li/al)le watch 
(hnnli(\ balance 
thinihklohfii, balance cock 
(hn'nfiUYlit\ i)alance staff 

l'(rjio/i/iiitji\ KildiuK 
ytrwittdutigsrad, idle wheel 



Vemitr^ 

VemuruhubUhrc, Tender sHdE 

Versenken, to cut a ask 

Verzinnen, to tin 

Viereckig, sauane 

Vier icegulirsckramJbem [Umnkei 
auarter screvs 

Vie^Ulerchen^ quatua^ rack 

Viertelstaffelf quarter mail 

Vierteluhr, quarter clock 

Vierteluhr mil zwct Glockai^'6a% 
tang clock 

Virgulhemtnung, viigule escape- 
ment 

Vollplattenwerk, full plate 

Vorfally surprise piece 

Wdlzmaschine, rounding-up tool 
Waschleder^ chamois leather 
IVaschleder mil Roth, rouge katliff 
IVassersleinschmutz, coomb 
IVasseruhr, clepsydra 
Wechselrad, minute wheel i 

Wechselradstift, minute wheel stud i 
Wechseltrieb, minute wheel ^sasn. 

or " nut " 
Wechselwerky motion work 
Wecker^ alarum 
Welle^ arbor, staff 
Werk der Uhr, movement 
Werkzcugt tool 
Windfangt fly 
Winafangstriebt fly pinion 
Wittkel, anj^le 
Wippc, pivoted detent 

7Axhnfrdsc\ Ilakenfr'dse, fly cutter 

'/Axhmvcitt\ pitch 

Zapfen, i)ivot 

'AapfciifeHe^ pivot file 

'/Aipfenmaas^ pivot gauge 

Zei^Cf'y hands 

Zeiget verbindung ( Thurmuhren), 

Icading-off rods 
Zcigftviereck^ set-hands square 
Zeip;envcll€t set hands arbor 
/<•//, time 

Zeitgleichy isochronous 
Zeitghichung^ equation of time 
ZAchcism^ draw plate 
ZiffcrblatU dial 
Ztfferblatifusset dial feet 
ZtnCt zinc 
Zitnit tin 
Zirkeiy callipers 
ZugfcdcTy mainspring 
Zwcigehdusigt pair case 
ZwdljtelmaaSt douzieme gauge 
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Index. 



Acceleration, 5. 
Addendum, 6, no, 312. 
Adjustable stud, 358. 
Adjusting for positions, 27 ; for 

temperature, 6, 91, 251 ; rod, 6. 
Aeate, 48, 200. 
Alarum, 7, 355. 
All or nothing piece, 8. 
Aluminium, 340, 440. 
Amber, cement for, 63. 
American lathe, 193. 
Amethyst, 300. 
Anchor escapement, 8. 
Anglo-American lathe, 198. 
Annealing, 11. 

Applying a balance spring, 23. 
Aqua-marine, 300. 
Arbor, cork, 12 ; eccentric, 128; 

screw, 321. 
Areas of circles, 431. 
Arnold, John, 12. 
Assa3dng, 12. 
Astronomical clock, 13. 
Auxiliary, 15. 

Back gear, 192. 

Back stay for lathe, 199. 

Balance, 16, 91 ; arc, 17 ; cock, 17 ; 
compensation, ^i ; scale, 32 ; 
spring, 17; applying, 23; buckle, 
33 ; hardening, 30 ; spring holder, 
26; spring making, 29; spring 
tester, 31 ; staff, 33, 342 ; wheel, 34. 

Balances, size of, 17. 

Banking, 34, 224; pins, 34; screw, 34. 

Barleys, 34. 

Barlow, 34. 

Bar movement, 34. 

Bamsdale, 350, 351. 

Barometric error, 34, 268. 

Barrel, 36, 228, 406 ; arbor, 36, 235 ; 
406 ; contractor, 36 ; gauge, 229 ; 
turnscrew, 36 ; cover, 38, 406 ; 
hole closer, 315; hollow,37; hook, 
233 ; ratchet, 37. 

Barthel's soldering lamp, 42. 

Bascine case, 39. 

Bastard cut, 39. 

Baume's chronograph, 70, 341. 

Bearer, 39. 

Beat, 39 ; pins, 39. 

Beckett, no. 

Bell crank lever, 39. 

Bell punch, 39. 

Bells, to tune, 354. 

Bench, 39. 

Benzine, 40^ 395, 



Berthoud, 41. 

Beryl, 300. 

Bezel, 41. 

Bickley, 25, 232. 

Birch's winder, 421. 

Birmingham date marks, i6i« 

Bleaching dials, 1 16. 

Blind man's watch, 41. 

Blow-pipe, 42. 

Blue-stone, 42, 285. 

Bluing, 42, ; pan, 43. 

Bob, 43, 269, 422. 

Boiling-out pan, 43. 

Boley lathes, 190. 

Bolt and joint, 43 ; and shutter, 43. 

Bonniksen's micrometer, 250. 

Bonniksen's karrusel, 373. 

Bouchon, 44. 

Bow, 44 ; closer, 44. 

Box, chronometer, 46, 246 ; bottom- 
ing file, 47. 

Boxing in, 46. 

Brass, 46, 440; edge, 46; lacquering, 
186 ; to black, 46. 

Br^guet, 46 ; drawing of curve 22 ; 
key, 47 ; spring, 18, 47. 

Bridgman, R., 223. 

Broach, 47. 

Brocot, 47, 50 ; suspension, 47. 

Buckney, D., 259. 

Buff, 47. 

BuU's-foot file, 47. 

Burnisher, 48. 

Butting, 48, 112. 

Button, 48 ; turn, 48. 

Cairngorm, 300. 

Calcinas, 48. 

Calendar, simple, 48; perpetual, 49; 

watch, 54. 
Caliper, 55. 

Callipers, 56; registering, 57. 
Cam, 58, 350, 356. 
Cambridge chimes, 66, 352. 
Cannon pinion, 58, 254. 
Cap, 61. 
Capillarity, 61. 
Capped jewel, 61, 176. 
Carat, 158, 301. 
Carriage clock, 61, 355, 371. 
Carrier, 61, 195. 
Case springs, 62 ; stake, 62. 
Cement, 62 ; for marble clock cases, 

246 ; for metal and glass, 63 ; 

jewellers*, 63. 
Centre bottom hole, 64, 405; of 

gravity, 63 ; of gyration, 16, 63 
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of oscillation, 63, 266; seconds, 
64: seconds chronograph, 67; 
wheel, 64. 

Centrifugal tendency, 2i» 64. 

Chain (fusee), 65, 396; hook, 66. 

Chalceilony. 30a 

Chaml>ers' registering callipers, 58. 

Chamfer, 66. 

Chamois leather, 66. 

Chapters, 66, 

Chariot, 66. 

Chimes (Cambridge), 66, 352. 

Chiming barrel, 67, 352 ; clock, 67 , 

353. 
Chops, 67, 275. 

Chronograph, 67. 

Chronometer, 73, 246 ; escapement, 

73- 
Chronometrical thermometer, 8a 

Chronoscope, 80. 

Chrysol)er>i, ^oa 

Chuck, 80,' 196, 202, 204. 

Circular error, 8a 

Circumferences of circles, 431. 

Clamp for lever pallets, 223. 

Clams, 8a 394- 

Clemence's chronograph, 71. 

Clepsvdra, 8a 

Click," 81. 

Clinker, 303. 

Clock, 82 ; cleaning and repairing, 
82 ; plates, to polush, 296 ; trains, 
374. 430; watch, 90. 

Closer for barrel holes, 315. 

Club tooth, 90, 219. 

Cock, 90, 400. 

Cole, J. R, 90, 218. 

Collet, 90 ; adjuster, 91 ; lifter, 91 ; 

table for, 359. 
Compensated pendulum, 94, 268. 
Compensation adjustment, 93, 251 ; 

balance, 91 ; curb, 94. 
Conical pendulum, 95 ; pivot, 95, 294. 
Consular case, 95. 
Contouring, 329. 
Contrate wheel, 95. 
Conversions, 95, 436, 438. 
Coomb, 97. 
Copper, 97, 440. 
Cork arbors, 12. 
Cornelian, 300. 
Corn tongs, 07. 
Counter-shaft, 40, 206. 
Count wheel, 114, 357, 368. 
Cremaillere, 97. 
Crescent, 97, 214. 
Crocus, 303. 
Cro8sed-out wheel, 97, 



Crown wheel, 97, 392. 

Crutch, 97, 270. 

Cr>'stal case, 98. 

Cumming, A., 98. 

Curb pins, 25, 98. 

Curzon, C, 216. 

Cut hunter, iia 

Cutter bar, 199 ; fly, 142; for pinion 

leaves, 277; lathe, 198. 
Cycloid, 98. 
Cycloidal cheeks, 98. 
Cylinder gauge, 105 ; escapement, 

98; height tool, 105; plugs. 104, 

105 ; to run in, 104. 



Daldorph's stud & collet table, 359^ 
Date marks on plate, &c., 159. 
Dead beat escapement, 106; smooth, 

109. 
Decimal fractions, 109. 
Demi-hunter, iia 
Denison, iia 
Dent, E. J., iia 
Depthing, in, 304, 325; tool, 83, 

111,304. 
Derham, W., 114. 
Detached escapement, 114. 
Detent, 114. 
De Vick, H., 114. 
Dial, 114; feet, 117. 
Dials, to silver, 1 16. 
Diamantine, 118, 285. 
Diamond file, 118; mill, 118; 

tweezers, 301. 
Diamonds and gems, 299. 
Dipleidoscope, 119. 
Direction, number of, 369. 
Dividing plate, 119, 413. 
Dog screw, 1 19. 
Dog watch, 119, 368. 
Dome, 119. 

Donne's resting barrel, 236. 
Double bead, 119; bottom, 119; 

roller, 119, 213; three-legged 

gravity, 153. 
Douzieme, 120; gauge, 120. 
Dovetail, 120. 
Draw, 120; plate, 120. 
Drill, 124. 

Drilling, 121, 195, 398. 
Drill stock, 124. 
Driver, chuck, 196. 
Drop, 125. 

Drum, 125; escapement, 125. 
Duplex escapement, 125; hook, 128 

roller, 128. 
Dust cup, 128; pip^, I2§. 
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Eamshaw, T., 128. 

Eccentric arbor, 128. 

Edwards' safety pinion, 319. 

Eiffe, J. S., 129. 

Electric clocks, 129. 

Ellicott, J., 134. 

Emery, 154; countersink, 116; file, 

T34; stick, 134; wheel, 134. 
End-stone, 135. 
Engine-turning, 135. 
Epact, 369. 
Epicyfcloid, 135, 4 [5. 
Equation of time, 135, 366 ; work, 

53- 
Equatorial clock, 135. 

Equidistant lockings, 220. 

Escapement, 135 ; anchor,8; chrono- 
meter, 73 ; cylinder, 98 ; dead- 
beat clock, 106; double three- 
legged gravity, 153; drum, 125; 
duplex, 125 ; error of, 267 ; hori- 
zontal, 98 ; lever, 208 ; pin pallet, 
277; pin wheel, 279; recoil, 9; 
three-legged gravity, 155 ; verge, 

392.. 

Escape pinion, 135, 199 ; wheel, 86, 

130. 
Escaping arc, I3'^>. 
Expansion of metals, &c., 440. 
Eyeglass, 136. 

Facio, N., 136. 

Ferguson, J , 136. 

Ferguson's clock, 136. 

Ferrule, 137. 

File, 140. 

Filing block, 141 ; fixture, 201* 

Flirt, 142. 

Fly, 142; cutter, 142; pinion, 142; 
spring, 142. 

Follower, 142. 

Fourth wheel, 142, 401 ; pinion, 403. 

Fraise, 142, 172. 

Frame, 142. 

Free spring, 143. 

Friction, 143. 

Frictional escapement, 144. 

Friction spring, 144. 

Frodsham, C, 144. 

Frosting, 144. 

Full plate, 144. 

Fusee, 144; cap. 146; engine, 146; 
hollow, 146 ; piece, 147 ; sink, 147 : 
top hole, 146 ; top pivot, 146. 

Gallows tool, 84, 14^ 
Ganney, 204, 238. 
Gardner, R., 21, 253, 



Gas governor, 262 ; KuUberg's 262 ; 
mercurial, 262. 

Gathering pallet, 87, 147, 347, 

Gau^e, 147. 

Gilding, 147. 

Gillett and Co., 240. 

Glasgow, 19, 29. 

Glass for covering movement, 255 ; 
crystal, 98; height gauge, 149; 
plates, 150. 

Gnomon, 151, 360. 

" Go Ahead," lathe, 195. 

Going barrel, 151 ; Donne's resting, 
236 ; recoiling ratchet for 38 ; re- 
movable, 38 ; fusee, 151, 237. 

Gold, 12, 151, 440; to assay, 12; 
soldering, 338 ; spring, 151; value, 
of, 141. 

Golden Number, 368. 

Gong, 151. 

Graham, G., 152 ; escapement, 151. 

Graver, 151. 

Gravity, 152; escapement, 153. 

Great Wheel, 157. 

Grimshaw and Baxter, 242. 

Gximthorpe (Denison), 1 10. 

Guard pin, 157, 223. 

Guye, A., 62. 

Gymbals, 157. 

Hair spring, 17, 157. 

Hahn's tell-tale, 362. 

Half chronometer, 157; dead escape- 
ment, 157; hunter, no; plate, 
158; timing, 158. 

Hall-mark, 158. 

Hammer hardening, 163 ; rods, 163, 
tail, 163. 

Hammersley, 6. 

Hands, 163. 

Hand vice, 165 ; wheel, 166. 

Hanging barrel, 166. 

Hardening, 165. 

Hardy, W., 166. 

Harrison, J., 167. 

Hartnup, 251. 

Hasweli's hand gauge, 165. 

Heart piece, 69, 167. 

Herrman's keyless work, 240. 

Hewett, T. 20, 31, 77, 167, 246, 335. 

Hindley, 167. 

Hollow fusee, 168 ; pinion, 168. 

Hooke, R., 168. 

Hope-Jones. • 

Hopkins' lathe, 193. 

Horizontal escapement, 98. 

Horological Institute, 168. 

Horse, 168. 
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Hour rack, 169, 348 ; snail, 350, 351 ; 

wheel, 169, 355. 
Hunter, 169. 
Huyghens, C, 169. 
Hypocycloid, 170, 416. 

Ice box, 9j, 17a 
Idle wheel, 17a 
Impulse pin, 170, 210. 
Inclined plane clock, 171. 
Independent seconds, 171. 
Index, 171. 
Inertia, 171. 
Ingold fraise, 171. 
Intermediate wheel, 170. 
International lathe, 197. 
Involute, 173. 
Iron, 173, 440 
Isochronism, 18. 
Isochronous, 174. 
Isolator, 174. 

Jacot tool, 174. 

Jewel hole, 175; to widen, 178, set- 
ting, 177. 

Jewelled, 175. 

Jeweller's cement, 62. 

Jewelling rest 177 ; tool, 178. 

Joint pusher, 179. 

Jones, Jno., 342. 

Julian Period, 369. 

Jumper, 179. 

Jurgensen, U., 179. 

Karrusel 373. 

Kendal's winding work, 185. 

Kendall, h., 179. 

Kew Observatory, 179. 

Keyless, 180. 

Keyless mechanism, 180; fusee, 184; 
Lebet's,326; Loehr's,326; rocking 
bar, 180 ; shifting sleeve, 183. 

Kidney piece, 53, 185. 

Kinetic energy, 186. 

Kirton, 235. 

Knee punch, 104, 186. 

Knuckles, 186. 

Kullberg, V., 22, 25, 186, 247. 

KuUberg's balance, 186 ; gas gover- 
nor, 262. 

Lacquer, 186. 
Lamp, 188, 179. 

Lange's guard attachment, 46. 
Lantern, 188; pinion, 187. 
Lap, 188. 

Lathe, 188 ; American, 193 ; Boley's, 

192; Go Ahead, 195; International, 

ip7; Martin, 197; Triumph, 194; 

for clockmakerSf 190, 191 screw 

cutting, ig2 ; wax, 204. 

^ad, 2oy, 440. 



Leading-off rods, 207. 

Left-hand fusee, 314; movement, 
207. 

Lepaute, J. A., 207. 

Lepine movement, 207. 

Le Roy, J., 208 ; P., 208. 

Lever escapement, action of, 208; 
club tooth, 219; double roller, 
advantages of, 213 ; examination 
of, 221; proportion of, 209; re- 
silient, 217;. Savage's two-pin, 
217; size of, 215. 

Lever trains, 378. 

Lifting piece, 225, 348. 

Line of centres, 225. 

Lips, 100, 225. 

Litherland, P., 225. 

Live spindle, 216, 225. 

Local time, table of, 433. 

Locking, 225; plate, 114, 225, 357; 
spring, 225. 

Longitude in time, 433. 

Loseby, E. T., 225. 

Ludwig's chain stake, 65. 

Lunation, duration of a, 368 ; train, 
53» 376 ; work, 53. 

Lunette, 226. 

Macartney's, collet adjuster, 90. 
Magnetism, to extract, 226. 
Mainspring, 89, 228, 396, 409 ; gauge, 

250; hook, 231, 36; punch, 236; 

winder 236. 
Maintaining power, 237; endless 

cord, 170 ; Harrison's spring, 237 ; 

sun and planet, 240. 
Mairet's balance scale, 32 ; side click 

gauge, 81. 
Maltese cross, 241, 345. 
Mandril, 241. 
Marble clock cases, 245. 
Marine chronometer, 74, 246. 
Martin lathe, 197. 
Mass, 247. 
Massey, E., 247. 
Matted, 144, 247. 
Mean time, 247, 365. 
Meek, J., 359. 
Meek's lathe, 198 ; screw-head tool, 

293. 
Mercer's balance, 249. 

Mercury, 278, 440. 

Meridian dial, 247. 

Metals, weight of, &c., 440. 

Micrometer, 248 ; Bonniksen's, 250 ; 

Grossman's,' ■ 248 ; Horstmann's, 
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Millimetres compared with inches, 

252. 
Milling cutter, 252. 
Minute chronograph, 69; minute 

wheel, 252; nut, 252; pin, 252,254. 
Mitre wheels, 252. 
Modulus of elasticity, 252. 
Molyneux, R., 253. 
Molyneux's auxiliary, 15. 
Moment of elasticity, 253; of inertia, 

253- 
Momentum, 253. 

Moonstone, 300. 

Moon train, 53, 376. 

Motion work, 58, 253. 

Movement, 255 ; holder, 255 ; tray, 

255. 
Mudge, T., 256. 

Musical Box, 256. 

Mystery gold, 151. 

Name bar, 259. 

Nautical day, 368. 

Nicole, Nielsen & Co., 42, 117, 259. 

Nippers, 259. 

Non-magnetizable watch, 259. 

Oil, 260; sink, 251. 

Oiler, 260. 

Oilstone, 260; dust, 260. 

Oven, 261 ; Hearson's, 261 ; Schoof's 

261. 
Overbanking, 263. 
Overcoil, 22, 263. 
Oversprung, 342. 

Pad, 263. 

Paillard, 26, 259. 

Pair case, 263. 

Palladium springs, 26. 

Pallet, 264 ; staff, 264 ; steel, 264 ; 
pallet stone, 264; to cut (see 
diamond mill), 118. 

Parachute, 264. 

Passing spring (gold spring), 79, 151. 

Pearls, to preserve, 300. 

Pedometer, 264; watch, 264. 

Peg wood, 264. 

Pendant,. 45, 264. 

Pendulum, 264; barometric error 
of, 34,267 ; bobs, weight of, 408 ; 
circular error of, 267 ; length of, 
267 ; length of sidereal, 266 ; 
mercurial, 271 ; spring, 89, 275 ; 
table of lengths ol, 430 ; tempera- 
ture error of, 267 ; wobbling, 268 ; 
wood rod, 274 ; zinc tube, 271. 

Phillip's spring, 275. 



Pillar, 276 ; file, 276 ; plate, 276. 

Pinion, 84, 85, 276, 406; gauge, 276; 
height tool, 276 ; leaf, 276, 406 ; 
wire, 277. 

Pinions, to size, 325, 415 ; too large, 
too small (see depthing tool), iii. 

Pin pallet escapement, 277 ; tongs, 
278 ; vice, 279 ; wheel, 279 ; wheel 
escapement, 279. 

Pipe, 281. 

Pitch, 281, 415 ; circle, 281, 415 ; 
line, 281, 415. 

Pith, 281. 

Pivot, 281, 294; file, 281; gauge, 
281 ; to replace, 87, 123, 398. 

Pivoted brace, 234 ; detent, 281 ; 
post, 234. 

Plate, 281. 

Platnauer's bow, 45. 

Player's recoiling click, 38. 

Pliers, 282. 

Plose, 38, 59, 235, 316. 

Plose's barrel arbor, 235 ; collet 
lifter, 90. 

Pneumatic clocks, 283. 

Pocket chronometer, 78, 283. 

Poising, 57 ; tool, 283. 

Polishmg, 284; clock plates, 297; 
conical pivots, 294 ; ivorj', 297 ; 
materials, 285; mills, 118, 200, 
296; pinions, 287, 289; mother- 
of-pearl, 297: rollers, 290; screws, 
291 ; stake, 297 ; straight pivots, 
295 ; studs, 290 ; watch cases, 297 ; 
watch wheels, 285. 

Position errors, 27. 

Potence, 298. 

Potential energy, 299. 

Poole, J., 297. 

Poole's auxiliary, 15. 

Precious stones, 299. 

Prest, T., 301. 

Progress screws, 320. 

Pump centre, 244, 301 ; cylinder, 
301. 

Push piece, 182, 301. 

Quare, D., 302. 

Quarter clock, 302 ; rack, 302 ; 
screws, 92, 302 ; snail, 302. 

Rack, 87, 302, 348 ; hook, 302, 347 ; 

lever, 302. 
Ratchet, 37, 302. 
Rating nut, 92, 303. 
Rat-tail file, 303. 
Recoil escapement, 9, 303. 
Recoiling ratchet, 38. 
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Split >ccoiiili. 340. 
Spolitftg. 341- 
Spring carrier, 117. 
Spriogt anil sprin^^ug, 17. 
^runf; over. 342 ; nii'lcr. 342. 
Sfiuare rw.t. tcj extract. 41(1 
Siai-kfretil. 342. 
Staff, 33 343; l{auge,J43; p 
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Stanleys up ami down work, 3S9. 
SturfiiiKcr 34^^ 345 : wheel. 343.345- 
Slcarfyjiin 343. 
Steel, 173.44"- 

Stcji Kpinille in chuck, aat. 

Stirrup, j;;. 344- 

SloH<l.>,iM. 344- 

Si..], work. 344. 

straight liti(- kvcr, 219, 346. 

StTiii^lit pivots, lo pufishT^gs. 

Sinking work, 87, 346; carriage 
clocks, 355 ; half-hour, 349 ; qnar- 
Ur, 350 ; turret, 356, 38a. 

Ktiiil,35**;ii'yu''t"''ie>358; remover, 
35s. 

Style, 15'. 359- 

Sully, }!., JM. 

Shu, cytli: of, 366; dial, 247, 359 

Sunk, stconils, 115, 361. 

Sur)>riM: piece, 361. 

SwitiK tools for polishing, 289, 361. 

Tiilile of chronometer trains, 379; 
circumfcreuceB and areas, 431 ; 
cUxik traitis, 430; of conversion, 
436, 43**; 'late marks, 159; of 
wlicclH and piniotm, 4191 equation 
of lime, 36E; fuseea, 145; lever 
lrHitis,37Hi local titne433;motion 
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work, 254 ; pendulums, 430 ; pro- 
perties of metals, &c., 440 ; sines, 
tangents, &c., 427 ; square roots, 

429. 
Table roller, 208, 361 ; tool, 361. 
Tell-tale clock, 361. 
Tempering, 362. 
Thermometer scales, 428. 
Thimble punch holder, 316. 
Thiout I'ain^, 362. 
Third wheel, 362, 406. 
Three-part clock, 351, 363. 
Three-quarter plate, 363. 
Throw, 363. 
Thwaitesand Reed, 157,386; gravity 

escapement, 157. 
Tidal clock, 363. 
Time, ^14; ball, 370. 
Timepiece, 370. 
Timing, 17, 371 ; box, 371 ; carriage 

clocks, 371 ; French pendules, 

371 ; in positions, 27, 371 ; in 

reverse, 28, 371 ; screws, 371. 
Ting-tang clock, 372. 
Tipsej^ key, 372. 
Tompion, T., 372. 
Torsion pendulum, 372. 
Touch needles, 372 ; stone, 372. 
Tourbillon, 372. 
Train, 374. 

Transit instrument, 379. 
Transmission pulleys, 206. 
Treadle for lathe, 206. 
Trial number, 380. 
Trigonometrical definitions, 426. 
Tripoli, 381. 
Tripping, 381. 
Triumph lathe, 194. 
Troy weight, 301. 
Trunk dial, 381. 
Tumbler, 144. 
Turner's bow. 

Turning arbor, 382 ; pendant, 382. 
Turns, 381. 
Turret clock, 382; striking, 356; 

trains, 386, 430. 
Tweezers, 588 ; for balance springs, 

23 ; for diamonds, 301 ; for stuas, 

359. 
Two pin escapement, 217, 388. 

Unlocking resistance, 388. 



Up and down indicator, 388. 
Uprighting, 390; tool, 390. 

Varnish, black, 46. 
Velocity, 392 ; sound, 392. 
Verge, 392 ; escapement, 392. 
Vernier, 250, 393, 333 ; slide gauge, 

334- 
Vertical escapement, 392, 394. 

Vice, 394. 

Vienna lime, 285, 394. 

Virgule, 394. 

Vulliamy, B. L., 394. 

Waldo, Dr., 155. 

Walsh's recoiling ratchet, 38. 

Waltham Watch Co., 183, 259, 319. 

Warning, 88, 394 ; piece, 395, 347 ; 
wheel, 347, 395. 

Watch, 395; balances, size of, 17; 
bow, 44, 411 ; bow closer, 44; caps, 
to frost, 144; cleaning, 395; hands, 
163; watchmaker's bench, 40; 
watchman's detector, 361 ; move- 
ment, 4x1 ; movement, size of, 
411 ; pendant, 45, 412; repairing, 
395; screws, extract, 321. 

Wax chuck, 204 ; lathe, 412. 

Webb, A., 93, 138, 231. 

Webb, E. W., 318. 

Webster foot-wheel, 305. 

Weight of metals, 4^24. 

Weight of metal cylinders, 424. 

Westminster clock, 382. 

Wheel-cutting engine, 412. 

Wheels, shape of teeh, 112, 325, 416 ; 
table of diameters, 419. 

Whitehurst, J., 421. 

Wig- wag, 422. 

Winder, 422. 

Winding square, 422. 

Wire gauge, 422. 

Woero, C. V., 423. 

Wright, T. D., 23, 91, 253. 

Wycherley, 423. 

Year, duration of, 368. 
Yoke, 316. 

Zinc, 423, 440. 
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